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I. INTRODUCTION 
A. Statement of Problem. 
In response to administration of testosterone propionate in 
suitable dosages, the kidney of certain strains of mice, in this case 
A/Ja:x., exhibits an increase in ~-gl.ucurdnidase activity which reaches 
a val.ue J.6 times that of control. mice; this is accompanied SJ:sa by a 
profound urinary excretion of the enzyme. The purpose of this work is 
to explore the general. nature of this increase in enzyme activity, 
particularly with regard to the questions of the genesis of enzyme 
protein and the mechanism of hormone action. Other aspects which 
receive attention are the possible activation of an enzyme precursor, 
which may pre-exist, or perhaps the presence of a c?ndition w~eh 
profoundly affects the enzyme activity, while ·n6t influencing the 
amount of enzyme protein. 
The experimentaJ. approach to this problem has been first to 
develop and refine micromethods of enzyme purification. These 
procedures have been applied to the kidney, urine and liver. The 
l.i ver sez-ved as an internal control. organ since its level has been 
found to be insensitive to the administration of testosterone. These 
enzyme preparations have been evaluated from the pount of view of 
enzyme kinetics to provide information as to the degree of resemblance 
exhibited between each of the three. These data bear on the question 
of the renal. source of the urinary ~-glucuronidase. A study has been 
made of several. lmown inhibitors of protein synthesis, with regard to 
protein enzyme genesis. Eventually it was possible to organize and 
execute isotope labelling experiments in which the enzyme isolation 
procedures were applied successfully. Most attention has been given 
to a stuqy of ~-glucuronidase-labelling as a function of time under 
sui table condi tiona. 
In order to provide as adequate as possible a picture of the 
phenomenon, it is desirable to introduce the subject from three points 
of view, i.e. mechanisms of protein synthesis, action of androgenic 
hormones and the general nature of enzyme activity. This material will 
properly .serve as a background far detailing the phenomenon :i.Bvestigated I 
here. 
B. Protein Synthesis. 
~. pynamic equilibrium of proteins.--Prior to 1938 the current 
concept of protein metabolism postulated that two independent pathways 
for proteins existed in cells. One, characterized by urinary excretion 
of ure~ and designated as exogenous metabolism, was thought to depend on 
the dietary intake, and so was variable. The other direction of 
endogenous metabolism refers to the structural proteins of the cell, 
and was thought to be very slow in rate and was completely independent 
of the dietary protein. Changes in this type of protein were thought 
to be due to "wear and tear11 on the structural proteins. Folin had 
-
presented this view in 1905. 
The newer concepts of protein metabolism had their beginning in 
the experiments of Schoenheimer in 1938,Cl47)in which isotopically 
labelled compounds were used to define metabolic pathways. 
2 
Schoenheimer and co-workers synthesized amino acids contactning 
the stable isotope, Nitrogen 15 (Nl5). Glycine labelled in such a way 
was injected into animal.s, which at the same time received benzoic 
acid which is known to be excreted in conjugation with glycine (hippuric 
acid) in the urine. This hippuric acid was isolated from the urine and 
its Nl5 content determined. . The amount of Nl5 found was less than that 
administered in the original glycine. The explanation proposed was that 
the injected glycine had mixed with the tissue proteins, or glycine 
pool of the body, which, in turn, was in equilibrium with body proteins. 
From the extent of dilution of. the isotope, it was suggested that the 
glycine had come from tissuecproteins as.well as from free tissue glycine. 
In a further experiment by Schoenheimer, rats were injected with Nl5 
labelled leucine, on the third da.y were sacrificed, and the tissues 
assayed for protein and non-protein nitrogeno The results clearly 
indicated that the leu.cine had not been excreted, but had become 
incorporated into the tissue proteins. In this regard, a characteristic 
of tissue proteins described by Schoenheimer is that they do not all 
incorporate amino acids at the same rate. For instance, the uptake in 
liver tissue is much more rapid than that in the .carcass proteins. In 
experiments in which tissue proteins were degraded and the isotopic 
content of individual amino acids determined, interconversions among 
the amino acids themselves became apparent. In an experiment to evaluate 
this further, leucine was doubly labelled with Nl5 , and deuterimn. The 
ratio of the two isotopes .in the administered leucine and that isolated 
.from liver protein was not the same. About two-thirds of the leucine 
3 
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was incorporated as the original amino acid, the remainder undergoing 
conversions With other compounds. The above experiments serve to 
illustrate the term 11 dynamic equili.briumlt when it is used to describe 
the metabolic acti v.i ty of tissue proteins and amino acids, which are no 
longer coRceived as rigidly belonging to either endogenous .or exogenous 
routes of metabolism. 
2. Nitrogen pool.--From Schoenheimer's experiments and from this 
concept of a qy.namic state, originates the concept of a nitrogen pool, 
through which many nitrogenous metabolites pass, and with which dietary 
amino acids are in equilibrium in one direction, tissue proteins in 
another, and amino acids which find their way into the urine in a 
third. The pool'.is visualized as the 11 control storehousett supplying 
amino acids to all three compartments. Other small nitrogen pools 
exist in the tissues and these are in equilibrium w.ith the main pool. 
Measurement of blood levels of a metabolite (amino acid, sugar, etc.) 
usually provides its ttpool.n concentration since all ttpools" are assumed 
to be in equilibrium with bl.ood. 'When an a.nima.l is in nitrogen balance, 
dietary nitrogen intake equals urinary nitrogen output, but this does 
not exclude mixing and exchange with tissue proteins. Thus, of 
relevance to this thesis is the view that proteins are synthesized 
from amino acids 'Which are available in the body "pool11 as described 
above. The most seriously considered idea regarding this process 
:is· presented; i.e., the .template theory and modifying circumstances. 
3. Template theory. --To explain the specificity of protein 
synthesis, the presence of a templ.ate. is _usually postulated. Inasnmch 
4 
as it is generally presumed that the template molecule should be as 
large as the molecule for which it is a pattern, the cellular 
constituents which could act in this way are the proteins and nucleic 
acids. The template concept has been used in the field of inmnmology; 
because of the relationship found in antibody formation, where frequently 
the antigen is protein in nature, the template was visualized as an 
extended protein molecule, which permitted reduplication of a second 
molecule by actual matching of amino acid residues in the chain. In 
situations of growth, in the absence of such foreign proteins, the 
nucleic acids have been postulated to be the templates for protein 
synthesis, due to observations on their concommitant increase in growing 
cells, and to the fact that they are. of all the cellular constituents, 
the molecules which have characteristics of size and specificit,r which 
best fit the teMplate theory. A description of the nature of nucJ.eic 
acids, and a discussion of the evidence for and. against their function 
as templates follows. 
Two kinds of nucJ.eic acids are present in living cells, ribo-
nucleic acid (RNA), which· is predominantly cytoplasmic, and deoxyribo-
nucleic acid (DIU), 'Which is nuclear in origin. In the isolated state, 
they differ slightly in their chemical composition, although they are 
both polynucleotides, or large fibrous polymers of nucleotides. A 
nucJ.eotide is composed of a 5 carbon sugar (ribose in RNA., and 2-
deoxyribose in DNA), phosphate, and purine and pyrimidine bases. The 
bases found in RNA are adenine, guanine, cytosine and uracil. Those 
found in DNA are adenine, guanine, cytosine or 5-methyl cytosine and 
thymine. The ratio of purine to py:rimidine bases is found to be 1::}. 
in DNA; this is of importance in the considerations of their structure. 
The Watson Crick model of DNA· pictures it as a double stranded helix, 
composed of 2 strands of nucleic acid, which are bonded to each other 
by hydrogen bonds between adjacent bases; a pairing of the 6 amino 
group of the purines with the 6 ketone group found in the py:rimidines 
is conceived as making this possible. 
a. DNA: Evidence for and against DNA as a template. The 
basic concept is that genetic material controls assortment and ·re-
arrangement of amino acids in the polypeptide Chain. 
In this regard, it is generally accepted that DNA is the nucleic 
acid which is the chemical basis of the gene residing in the nucleus of 
the cell. Accordingly, it may be expected that genetic defects will be 
reflected in aberrations in structure of proteins. Examples of this 
expectation are to be found in studies of. the so ... called "inborn errors 
of metabolismtt, some of which have been shown to be caused by the 
absence of a specific enzyme, which resul. ts in widespread damage to the 
animal, e.g., red cell enzyme defects in galactosemia and hemolytic 
anemia. 
The relationship between genes and the synthesis of specific 
proteins has been commented upon ( 70). Insulin has been isolated in 
pure form and characterized(76)from different sources, and the species 
differences appear to be expressed in a difference of 3 amino acid 
residues. An interesting disease is the abnormality known as nsickle-
cell anemialt which has been explained by'Pa~35). Thus, hemoglobin 
isolated from patients Who are homozygous for this state reveals that the 
6 
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basic difference in the protein molecule which causes this abnormality, 
is due to the replacement of one glutamic acid residue by one valine 
residue in the polypeptide chain(9l), a difference of 1 in 300 residues. 
The theoreticaJ. approach to phenomena such as just described is 
usuaJ..ly based on the hypothesis lmown as 11one gene - one enzymett 
relationship which was first expressed by-Beadle (l3). He proposed it 
as the explanation for his work on. Neurospora, where mutants could be 
found which lacked otll.y 1 or severaJ. enzymes which limited their 
ability to ~thesize such substances as amino acids necessary for 
life and growth. 
The question of whether or not the nucleus is indispensable for 
protein synthesis has been investigated by Brachet and Chantrenne ( 27) 
who have reported work done on enucleated one-celled organisms, Amoeba 
proteus, and Acetabularia med:i.terranea. In the aJ.ga, the enucleate 
haJ.f is capable of both protein and RNA synthesis, aJ. though it slows 
down after several .weeks, and the fragments live only several months. 
In the amoeba, the protein synthetic processes seem to be much more 
under the control of the nucleus, and the enucleate fragment deteriorates 
more rapidly; however, many changes occur in enucleation of the amoeba, 
and the effect does not seem t9 be a direct one on protein synthesis. 
The fact remains that the enucleate portion can form protein if only 
for a brief time. 
Paigen(l33)reports the influence of a.single gene on the enzymatic 
composition of cytoplasmic particles. Two strains of mice, A, which 
possesses relatively high tissue J3-glucuronidase activity in contrast 
7 
to the low levels in strain G3H, were studied. In the low J3-glucuroni-
dase 03H strain, J3-glucuronidase is located mainly in the lysosomes, 
and in the high A strain in the micro somes and lysosomes. 
Studies on isolated thymus nuclei by Allfrey, Mirsky and OsawaC4),_ 
describe a cessation of protein s,ynthesis, or incorporation, when DNA 
is removed from the nucleus, but uptake is resumed when DNA is restored. 
Amino acid incorporation in this system is also inhibited by DNA-ase (an 
and 
en.ey-me which depolymerizes DNA),"'is insensitive to RNA-ase (an enzyme 
which depolymerizes RNA) and chloramphenicol. The resumption of 
synthetic activity can be re-established . by' addition of DNA. from other 
sources, degraded DN.l, or RNA. These results have been .further explained 
by Allfrey and MirseyC2). In isolated thymus nuclei, ATP production 
is inhibited by loss of DNA. All o:f the substances which restore 
incorporation activity are substances which also restore ability of 
the cells to synthesize ATP. 
BhargavaC20)reports that amino acids are incorporated into proteins 
of bull sper.m, a cell which reputedly contains no RNA. Inasmuch as 
the characteristics of incorporation are different in this system than 
in many others described, the conclusion at present is that perhaps 
this is an anomalous type of protein synthesis, and should be considered 
in a class by itself. 
Reticulocytes, in which no nuclear DNA. is present, have been shown 
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to incorporate amino acids into proteinC141)and to s,y.nthesize hemoglobin(l02). 
Wilkins(l62)comments that the specif:icity of the DNA molecule would 
have to be restricted to the N bases, because the sugar and phosphate 
residues are regular. The surfaces of grooves on the helix containing 
these groups is smooth; interchange of a purine by a pyrim:i.dine or by 
a methyl group causes a difference in position of very small magnitude 
from a space-filling point of view. Hence, from this aspect, the 
template character of DNA. is not very marked. "In particular, DNA 
does not look like a template for amino acids because the volume 
differences between amino acids.are larger than those between purines 
and pyrimidines ' ." The difference in chemical reactivity among nitrogen 
bases is also small. 
Spiegelman et al~l54)have studied the relationship between free 
amino acids and the "enzyme forming substance·· ,11 in an effort to 
understand the process. Much of the work that has been done in other 
laboratories, in bacteria, they have repeated with yeast. The amino 
acid pool has been quantitated, and means for controlling its size 
studied. Inasmuch as yeast can form induced enzyme in the absence of a · 
nitrogen source, they conclude that the cellular proteins are breaking 
do-wn to form the amino acids required. Their analysis indicates 
that this labile protein which breaks do-wn,contains all the amino acids. 
In radiation studies, it is found that synthesis of DNA. can be 
completely abolished with dosages that do not eliminate protein 
synthesis. However, when RNA s,ynthesis is inhibited only 50 per cent 
using ultraviolet irradiation, synthesis of new enzyme by induction 
no longer occurs. Their conclusions are only that s,ynthesis of nucleic 
acids is a necessary concomita.n:fr to protein synthesis. As far as the 
actual amino acids for the s.r.nthesis of new protein, they state that: 
9 
(1) an~e formation is mandatorily linked to utilization of free 
amino acids; (2) the first stable intermediate on the way to an ~e 
molecule must include all the amino acids. 
The function of DNA in protein s,rnthesis,.in consideration of 
this evidence, appears to be more one of control than of direct 
participation, either as a template or in a metabolic function. It is 
apparent, especiall:y in. the enucleated cells, that proteins can be 
synthesized in the absence of a nucleus, but it is equally apparent, 
both here, indirectly, and in view of the observed hereditary def.ects, 
that DNA. exerts a marked control. and specificity. Evidence for the 
means by 1~ch this is actually carried out, besides being a gene 
property, is not available. 
Various coding hypotheses(69, 28,36)have been proposed, whereby 
information on the combinations of purines and pyrimidines and the 
order in which they appear in the molecule is the basis for specificity 
control. No data are yet available to support this theory. 
b. RNA.. Another cytoplasmic component which has been 
implicated in the ~thesis of proteins:. in the role of a template is 
RNA. Caspersson(30)first pointed out the relationship between RNA and 
protein synthesis. RNA. is the nucleic acid which is found predominantly 
in the m:i.crosome of the cytoplasm, a:L though it is also present in the 
nucleolus. 
In the demonstration of activity of RNA in the processes of 
protein synthesis, a frequently used test is that of incubation with 
ribonuclease. Thus, Allfrey, Daly and MirskyC3)have shown that it 
10 
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will abolish amino acid incorporation into microsomes prepared from 
pancreas. Similarly, Zamecnik and Keller(l66)report the same result 
in rat liver microsomes. Gale and FolkesC68)find that damaged £• 
aureus loses its ability to synthesize catalase or _galactosidase) .but.: that 
nucleic ~cids can l;'estore this capacity, if added. BrachetC25)reports 
that the locomotion of amoebae is inhibited by ribonuclease, and so is 
growth (cell division) in onion root tip cells. Furthermore, the very 
interesting effects found when amoebae are subjected to a solution of 
ribonuclease are de~cribed in detail(26). With continued exposure, 
the amoebae gradually cytolyze. Add.i tion of RNA. to the system exerts 
a marked protective action on the cells; this is not observed with 
nucleotides, and is explained as an enzyme-substrate combination, which 
in effect, is a competitive inhibition. The cells appear to take up 
the RNA-ase by increased pinocytic activity. The RNil is taken up by 
being degraded to smaller units first. The ribonuclease inhibits 
incorporation of phenylalanine into the amoebal proteins in living 
animals. In their study with other enzyme systems, the oxidative 
processes seem unaffected, and both inhibitory and stimulatory effects 
are reported for other enzymes. Straub and UJJmanCl57)have demonstrated. 
that ribonuclease can stop the synthesis of amylase in extracts of 
acetone powdered pancreas. SuspensiQns of ascites cells when treated 
with this enzyme show reduced capacity to incorporate phenylalanine(l05). 
The original observation of CasperssonC30)indicated that quantities 
of ribonucleic acid and protein apparent in the cytoplasm appeared to 
change in quantity simultaneously. This has led to the examination!? 
ll 
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of turnover rates of the two types of compounds under a variety 
of conditions. This question aJ.so involves understanding the 
nature of microsomes, and their cellular role in the cytoplasm. This 
subject is now presented. 
Microsomes, and some characteristics. The microsomal fraction of pancreas 
cells was first described and defined by Claude(33)as that fraction of 
cell homogenate which sediments into a pellet at 20,000 x g in a given 
time in the uJ. tracentrifuge. They are composed largely of ribonucleo-
protein, and were considered to represent some of the smaJ.ler granules, 
with basophilic staining properties, which were sometimes visible in 
the cytoplasm. 
Their heterogeneity was first described by Petermann et ~~l36) 
1iho fractionated the nucleoprotein particles from rat liver cyt,o-
plasm, and found 7 species; they aJ.so report a difference in spectrum 
between those microsomal particles obtained from normal. and 
regenerating tissue. Palade and Siekevitz(l34)define the microsomes 
as fragments of endoplasmic reticulum, derived from its rough surfaced 
parts and to a lesser extent from its smooth surfaced parts. It is 
not homogeneous, as is not the reticulum itself; some particles are 
denser, some derived from the membrane, and .some are vesicular. 
The nature of microsomes has been further chB.racterized by their 
behavior under various physiological circumstances. Because it had 
been reported that the basophilic particles disappear on starvation, 
Mirsky, AJ..J.frey and DaJ.y(l26) studied uptake of Nl5 labelled glycine, 
by liver proteins in mice which has been fasted. The degree of 
labelling in d:if.ferent cell .fractions was studied over a period o.f 
1 • .5-6 hours, the RNA. was measured quantitatively, and comparisons 
showed that mice which had been .fed only glucose had a greater rate 
o.f uptake than control, or normally .fed mice, and .fasted mice, the 
lowest rate of uptake. However, the same amount o.f pellet material, 
which is that containing the microsomes in . the centrifugal .fractionation 
procedure, was obtained .from all three g:roups o.f mice. The conclusion 
drawn is that basophilic material can be present and .functional in 
cytoplasm even 'tvhen it is not present as micro somes which can be seen 
histologically. FaweettC49)in describing the fine structure o.f hepatic 
ceJ.J.s in the electron microscope, reports a change in mitochondria, and 
ergastoplasm (cytoplasmic basophilic material) during fasting and 
refeeding. Bernhard, and RouiJ.J.er(l9).rurther describe this same 
phenomenon in rats. During .fasting and re.feeding, the ergastoplasm 
disappears and then reappears, and is in close association with the 
mitochondria. They suggest it~ involvement in the synthesis o.f 
cytoplasmic nucleoproteins. 
The metabolic inhomogeneity of RNA has been described by Sachs 
and SamarthC144)who have studied the phosphorus turnover ·in RNA. 
derived from different parts o.f the ceJ.J.. The activity is very 
variable in different .fractions. Hendler(Bl)has described a 
cytoplasmic RNA. conta.i.:ning material which sediments at less than 600 
times gravity, from hen oviduct tissue. This is the .fraction which is 
active in amino acid incorporation, but has markedly different 
characteristics from the preparations described by others. 
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Role of micro somes in incorporation with protein. The inhomogeneity 
in terms of incorporation studies has been described aJ.so by Simkin 
and Work(l50)by the incorporation of radioactive amino acids into the 
microsomal proteins of guinea pig liver. Different turnover rates are 
observed in different fractions of .such proteins. Littlefield~ aJ.S117) 
have fractionated the microsomes of rat liver, with sodium deoxycholate. 
The remainder, which is insoluble, is homogeneous in the ultracentrifuge, 
and is a dense particle when examined in the electron microscope. 
Incorporation of labelled amino acids into this insoluble core of the 
microsomes reaches a maximum within a few minutes, while the deoxycholate 
soluble portion of the microsom.al fraction is labelled more progressively 
and slowly. 
Comparison of rates of incorporation of protein and ribonucleic 
acid in microsomes, and relationships between the two, and factors 
which influence them have been studied extensively. In their study of 
pancreas microsomes, .Allfrey, Daly and Mirsky(3)have found differences 
in the rate of uptake of cl4 and Nl5 into microsom.al pellet material. 
The cJ.4 uptake is impaired by pre-incubation with ribonuclease. Deken-
Grenson(39)bas compared protein synthesis and ribonucleic acid turnover 
as observed in production of pancreatic e~es, and production of 
ovalbumin in hen oviduct, with previous studies in which protein 
synthesis represented a growth process involving cell division. In the 
latter case, the incorporation or turnover rates of RNA to protein 
maintained a 1:1 ratio which was not true however for the production of 
these specific proteins. The author concludes that the template 
function of RNA rather than the metabolic function, appears to be 
upheld in these data. When!· coli is studied under conditions where 
protein synthesis does not occur, Gros and Gros(74)find that RNA 
synthesis takes place,· but it requires. the presence of essential amino 
acids. DNA synthesis does not have this requirement. 
The influence of certain nutritional conditions on the formation 
of purines and of ribonucieic acid in Baker t s yeast has been studied by 
Schmidt et ai(l46). When phosphate is absent, yeast can double the 
amount of protein -with no change in purines or amino acids. 'When 
phosphate is added to the s.rstem, nucleic acid formation is resumed 
at rates which are several times faster than that of simultaneous 
protein synthesis. The conclusion is drawn that the yeast is unable 
to polymerize the nucleotides in the absence of protein synthesis, but 
can synthesize nucleotides. Further studies on the influence of 
dietary protein on the incorporation of cl4 glycine and p32 into the 
RNA of rat liver, were made by Clark, Naismith and Munro(32). When 
rats were fasted after meals containing protein, there was considerable 
breakdown of RNA.; after feeding, a cessation of breakdown. Their 
conclusion is that the intensity of protein synthesis determines the 
stability of liver RNA. More evidence for inhomogeneity of the 
metabolic activity of microsome fractions is presented by Bhargava, 
Simkin and Work( 21). In a study of the incorporation of radioactive 
phosphorus into the RNA of subfractions from guinea pig liver microsomes, 
the subfraction with the lowest RNA turnover had the highest protein 
turnover. 
MUnro and MUkerji(l30)have studied RNA metabolism in the liver 
after administration of individual amino acids, because earlier work 
had demonstrated dependence of RNA metabolism on dietary intake of 
amino acids. Glycine, methionine and leucine were found to increase 
uptake into RNA. ,In response to leucine, the protein content of the 
liver is increased; the conclusion drawn was that changes in RNA 
metabolism after administration of, these amino acids are secondary to 
an increased rate of protein s.r.nthesis. 
A description of incorporation when precursors of protein and 
nucleic acids were administered is given by Balis, Samarth, Hamilton 
and Petermann (10), who have studied incorpor~tion of glycine l -
oJl.i., adenine 8 - ol-8 and L-methionine s35 into liver of rat. When 
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tissue was fractionated, the amino acids ap~more quickly in microsomal 
proteins than in serwn or supernatant proteins. No precursor relation-
ship is apparent. Nucleic acid is not labelled during the first 45 
minutes, while protein reaches a maximum. activity in 15 :minutes or less. 
It is concJ.uded that RNA is involved in protein synthesis, not .as m 
active template, but in a more passive role. 
Incorporation in plant systems is reported by Webster and Johnson(l63) 
who have studied the effects of RNA. on am:ino acid incorporation by a 
particulate preparation from pea seedlings. Incorporation is promoted 
by RNA, and inhibited by RNA-ase. · However, partially degraded RNA is 
more effective than high molecular weight RNA in promoting incorporation. 
The greatest effect is observed with a mixture of nucleosides. 
Inhibition is also observed by purine and pyrimidine antagonists. They 
conclude that in their system, turnover of RNA is necessar,y for 
protein s,ynthesis. 
Rabinovitz and OlsonC141)present evidence for a nucleoprotein 
intermediate in the synthesis of globin by reticulocytes; which are 
found to incorporate leucine primarily into hemoglobin; the efficiency 
of the process is related to RNA content of the cell. Their evidence 
is based on the observation that microsomal protein is labelled most 
quickly, but rapidly loses its label to other cellular proteins. 
Site of protein synthesis. 
a. ttSoluble systemstt.. The characteristics and requirements 
of the so-called 11soluble systemstt in which protein s,ynthesis has been 
demonstrated have been established in the greatest part by Zamecnik and 
co-t-vorkers. In l954, Keller, Zam.ecnik and Loftfieli93)showed that 
both the microsome and soluble fractions of the. cell were necessar.r for 
s,ynthesis in a cell-free system. Zamecnik and Keller(l66)further 
establish the requirement for ATP in this· system, under anaerobic 
conditions. Incorporation occurs primarily into the protein portion of 
the microsome rich fraction, and it is inhibited by iodoacetate, ribo-
nuclease and deo:xycholate. Hoagland(83), and Hoagland, Keller and 
Zamecnik(84)described the conditions for enzymatic carboxyl activation 
of amino acids. It is dependent on the pH 5 e~me, derived from the 
supernatant fraction, and requires ATP. In 1957, Hoagland~ al.(86) 
' -· 
described the presence of a soluble RNA (s-RNA), a low molecular weight 
RNA which is soluble in the supernatant fraction of the cell, and to 
which the active amino acid is transferred. This reaction is RNA-ase 
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sensiti~e~ while the amino acid activation is not. The transfer to 
microsomal protein is guanosine triphosphate dependentCB5). 
b. Nucleolus. The nucleolus is of interest in discussions 
of protein synthesis~ as it is an organelle in the nucleus~ which 
contains RNA.. HarrisC75)has studied by means of autoradiography the 
turnover of nuclear and cytoplasmic RNA. in two types of animal cell, 
a connective tissue cell which multiplies and a macrophage which does 
not divide but survives. The turnover rate of the nucleolus was not 
significantly different from that of the rest of the nucleus although 
it contains more RNA. In the macrophage~ there was also a rapid 
turnover of cytoplasmic RNA. 
c. Cytoplasmic membrane.. With respect to the location in 
the cell which is the site of protein synthesis~ Hunter et al. (90) 
have studied protein synthesis in the isolated_ ~ytoplasmic membrane 
fraction of Bacillus megaterium. The isolated membrane~ containing 
1-2% RNA., seems to be the site of protein synthesis; it is here that 
incorporation occurs, ~ in the cytoplasm. A factor of the lipid 
fraction seems involved, but no identification is available as yet. 
As is readily apparent from the data and conclusions derived from 
this survey of the literature with regard to the function of RNA in 
protein s,r.nthesis, there is most certainly a relationship between RNA 
and the appearance of protein in the cell. .Evidence is presented 
both for its function as a template, and for its actual participation 
in the synthetic reactions. Its lack of homogeneity, both on the 
basis of physical and metabolic behavior in the same system is marked .. 
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Its comparative function in different systems, as in animal, plant, 
and bacterial preparations,, and its differences in behavior in 
differently prepared material of the same source provide many clues 
and many contradictions. There appears to be both a specific function 
and a general function for RNA. Inasmuch as it is intimately involved 
in the production of proteins which are primarily characterized by 
their specificity, this potential must also exist in the ribonucleic 
acid, if it is to act as the template. Evidence for this has not 
been reported yet. 
4. Exchange.--The incorporation of amino acids into 11 disruptedtt 
staphylococcal ceJ.ls(66)has elucidated some points in incorporation -
studies 'Which have been applicable to experiments done in other systems. 
Such broken cell preparations have the ability to incorporate amino 
acids with no net increase in protein, a process termed "exchangett. 
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This occurs in cases where only l amino acid is supplied to an organism 
which requires 13 or 14 for growth and has led to the distinction between 
the two processes of exchange and protein s,ynthesis. The exchange 
reaction, or exchange of a peptide bound unlabelled amino acid, for one 
in the medium which is labelled, can be demonstrated under several 
conditions. Thus, protein s,ynthesis can be inhibited by an amino acid 
analogue in conditions when all other required amino acids are present, 
although exchange reactions among the non-inhibited amino acids still 
proceed. Both processes require an energy source in the disrupted cell 
preparation. Requirement of the energy source is not present in 
the protoplast preparations of LesterCl.ll)and BeljanskiC14), but is 
in cells that have been further disrupted. 
The incorporation described as exchange does not take place among 
all the proteins of the cell 'Which are present, but only among those 
which are in nucleoproteins, or in such proteins that can react w.i. th 
nucleic acids. Its time course of reaction follows a characteristic 
curve, which reaches a :ma.ximum early and then is stationary; it never 
approaches the magnitude of the incorporation reaction; the per cent 
incorporation due to exchange·reactions is estimated to be about 5 per 
centC67). When 11 coldtt amino acid is added to a system which has 
reached a steaqy state with respect to exchange reactions involving a 
"hot" amino acid, the 1fhot 11 amino acids are washed out by the presence 
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of the ttcold11 ones. The exchange can then be reversed. The concentration 
of amino acid in the pool affects this equilibrium, and is specific 
for each amino acid• 
Ribonuclease has been shown to abolish the exchange reaction. 
This can be reversed by addition of staphylococcal RNA,. DNA-ase also 
abolisheS. this incorporation, and can be similarly reversed by 
addition of DNA. 
The two nucleic acids differ in their ability to restore the 
incorporation, DNA being more effective on a dry weight basis. The 
interpretation is that nucleic, acids bring more of the protein in 
the preparation into an exchangeable condition. 'When nucleic acids 
are digested, small fragments can be found which accelerate 
incorporation of glycine. 
An explanation of such exchange reactions is put forth by 
Borsook(22 )who suggests that the equilibrium of the reactions of 
protein synthesis is reversed and that part of a protein molecule is 
capable of rejoining with the template. While in this combination, it 
is able to break the peptide bond, and exchange with an activated amino 
acid from the available tissue pool takes place. 
5. Peptide bond formation and transpeptidation. --In addition to 
the work on soluble s,ystems, in an effort to understand the mechanisms 
by which the peptide bond is formed, individual. s,ystems in "Which di-
or tripeptides are formed have been studied. These data, in addition 
to the work of Hoagland, have contributed to the basic understanding of 
formation of the bond between individual amino acids, which is 
characteristic of a protein. 
The study of peptide bond formation has been directed at 
determining its energy requirements. Lipmann(115)first suggested 
that ATP was required. He proposed that one amino acid molecule 
reacts with .!TP ~o form an anhydride of phosphoric acid, which then 
reacts with the amino group of a second amino acid to form a peptide 
bond. Later, it was sho~ that in the formation of simple peptides, 
such as glutathioneC152)or pantothenic acid(122{destruction of one 
energy rich phosphate bond, from ATP, or a similar donor, is required 
for each peptide bond formed. It is also quite clear that systems 
which exhibit protein synthesis, also have a requirement for energy 
rich phosphate bonds. 
A number of examples indicate .the nature of the ltamino acid 
activating process". In the case of pantothenic acid, the first step 
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is proposed to be formation of a mixed anhydride of pantothenic acid 
and AMP. Supporting evidence is supplied by systems containing peptide-
like bonds. Borsook(24)demonstrated the requirement of ATP for 
hippuric acid formation in the liver. Elliott(43)has shown that ATP 
is necessary for the formation of L-glutamine from L-glutamic acid 
and annnonia in pigeon liver homogenates. Hoagland, in the search for 
an amino acid activating enzyme(83)found that in a system composed of 
liver soluble protein, amino acids, ATP and hydro:xylamine, there is 
formation of amino acid hydroxamates. The overall reaction may be 
written: 
The resemblance to the pantothenic acid system is obvious, and suggests 
that the intermediate step involves formation of a mixed carboxylic 
phosphoric anhydride of an amino acid(84). 
Two steps are considered necessary for protein synthesis - one, 
the activation of amino acids,and the second, uptake into microsomal 
protein. Thus, w~shed liver microsomes, incubated with amino acids 
and ATP, incorporate no amino acid into the microsomal protein; however, 
with the addition of ttpH 5 enzyme1t from the supernatant, incorporation 
proceeds. 
With the discovery of an enzyme fraction from the soluble protein 
of the liver, Which facilitated incorporation of amino acids into 
the microsomal protein, a search is on for enzymes which activate 
individual amino acids, the so-called adenylate amino acid activating 
enzymes. Enzymes have been reported for tryptophane(38), methionine(l5), 
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serine(34), t.yrosine(148), and alanine(B9). The expectation is 
that. 20 enzymes will be identified for each of the 20 amino acids 
ordinarily found in proteins. 
In connection with this brief discussion on peptide bond synthesis, 
it is necessary to discuss the phenomenon of transpeptidation, which is 
catalyzed by cellular proteinases, .such as the cathepsins. Although the 
pH optimum is 5 for hydrolytic activity of the cathepsins, at pH 7 
they catalyze transamidation or transpeptidation reactions. 
Fruton et. al.<64)have described the synthesis of polymeric 
peptides in such a system, where beef spleen cathepsin C polymerizes 
glycyl L phenylalani.namide to an octapeptide. The specificity for the 
peptide linkage is the same as in the hydrolytic. reaction, and the 
substrate mentioned is specific for this cathepsin. 
This type of reaction can conceivably contribute to apparent 
biosynthesis of proteins, by elongation or transfer between two 
molecules. 
6. Protein synthesis as a function of time.--In;.considering the 
incorporation of amino acids. into proteins, in ~' the question of 
how long it takes for a protein molecule to be synthesized is of 
interest. On the basis of data given by Rabinovitz and Olson(l4l)for 
hemoglobin, and considering what is known about bacterial protein 
biosynthesis, Borsook(22)has estimated the time of protein synthesis 
in mammaJ.ian tissues; far hemoglobin the calculated time is 100 minutes 
for total synthesis of a molecule, assuming a molecular weight for the 
template of 6o,ooo. Other work in the literature since then proposes 
much shorted times. Junqueira, Hirsch and Rothschild(92).find that 
pancreatic protein secretions become ~y labelled 3 hours after 
the administration of labelled amino acids. Other workers, Green and 
Anker(73)and Peters(l3B), in investigating serum proteins and radio-
active albumin in liver, find times of 20 and 15 minutes. Peters has 
recently(l37)show.n that during this 15 minute lag, labelled albumin is 
accumulating in the microsome portion of the liver. In reviewing all 
of these investigations in relation to. his ow.n experiments with 
ferritin, which Loftfield(llB)reports is synthesized in 6 minutes in 
rat liver from radioactive amino acids, he states that the variable 
lengths of time Which different workers report for protein synthesis 
may well be due to another rate-limiting step in the process, such as 
release of newly synthesized protein from the template, or the specific 
coiling, which is required for biological specificit,r. 
Craddock and Dalgliesh(35)find no delay in the incorporation o£ 
labelled amino acids into the protein of ribonuclease of rat pancreatic 
tissue slices. The suggestion is made that the lag observed in other 
in vitro preparations such as homogenates, in which the cell has been 
disrupted, is due to permeability or secretion time. They suggest 
that exchange reactions may be predominant in incorporation when 
the cell is disrupted. 
Pollock(l39)in studying the induction of penicillinase in B.cereus, 
finds that the length of time for synthesis of a molecule is of the 
order of 30 seconds. 
It may be concluded that the rate of synthesis of specific 
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proteins from amino acid precursors is rapid. 
1. Amino acids, peptides, precursor proteins in relation to 
equal and unegual labelling. --One can postulate several ways to explain 
the presence of a template against which the individual amino acids 
are fitted in the process of assembling the protein molecule. The 
most direct way is for each amino acid to find its place on the 
template; another les.s direct route is by way of aggregation of 
peptides of iiltermediate size on a template. Both mechanisms must 
succeed in arranging amino acids in the proper sequence in order to 
convey specificity to the molecule. 
To examine these two hypotheses, experiments have been done to 
determine whether or not labelled amino acids appear in a given molecule 
(or preparation of molecules) simultaneously or at different times. 
Equ8~ labelling of an isolated protein implies that the precursors 
of the protein, either amino acids.or peptides, were obtained from the 
pool at the same time; poo+ changes 'With time would be reflected in a 
change in the degree of label. It is easier to envisage the equal 
labelling condition as resulting from the incorporation of free amino 
acids all at one time on a template, rather than from peptide inter-
mediates. The unequal labelling conditions imply either that peptide 
precursors are formed from the pool at different times, or the length 
of time of protein synthesis is so long for one molecule that the pool 
concentration changes. Generally, unequal labelling is taken to indicate 
participation of preformed peptides in the synthesis of protein. Both 
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equal and unequal labelling~ been reported by different investigators 
under different circumstances. 
a. Non-uniform labelling.--The major evidence that has been· 
presented :for the "peptide intermediate" theory is the work done by 
An:finsen and co-wo~kersC5,155)in which they report the phenomenon 
o:f ~i.mequal labelling11 in ovalbumin from hen oviduct, under in vivo 
and in vitro circumstances. Ovalbumin can be recovered in crystalline 
form, and is attacked by the enz.yme subtilisin in a specific manner, 
Which releases a hexapeptide, leaving the rest of the molecule intact. 
When aspartic acid residues from the peptide and the remainder are 
compared, the labelling is not the same. The same resuJ. ts have been 
reported for insulin and ribonuclease by the same workers(l60). Later 
discussions of this phenomenon in the light of more information which 
has been gathered in other laboratories indicates that the data may 
otherwise be explained as an artefact of the experimental conditions .. 
Synthesis o:f amylase. Another experimental system in which the 
presence of peptide precursors is suggested is that o:f pancreatic 
amylase synthesis in response to stimulation by carbamyl choline. This 
phenomenon was described by Hokin(BB)in pancreatic tissue slices 
in vitro. The production o:f enz.yme is dependent on oxidative 
phosphorylation and the presence o:f amino acids, and is presumed to be 
a real synthesis of protein molecules. Extensive studies were made by 
Straub and co-workers(l56). When tissue slices are incubated with 
labelled amino acids there is rapid labelling o:f the amylase, which 
) 
can be prepared in pure state. However, no incorporation into tissue 
proteins or amylase can be observed in a homogenate or soluble s,rstem. 
The soluble system is obtained from an extract of acetone-dried 
pancreas, which does exhibit an increase in amylase activity under the 
conditions described, in the presence of ATP and amino acids. The 
assumption made by Straub is that amylase is formed in the pancreas in 
two steps; a protein precursor is first formed and later s.y.nthetic~ 
transformed into the en~atic~ active amylase molecule. In the 
cell-free or soluble system, the second step is the only one which can 
occur, 'While the tissue slice is capable of forming the precursor de 
~· Amino acids are necessary for the initial de ~ synthesis of 
the unidentified material which is named as the precursor. In pigeons, 
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the amino acids threonine and arginine are essential for the production 
of the enzymatically active form of amylase, although they are not 
incorporated into it. Some indications that they are activated are 
reported. 
Further work on amylase and its induction in cellular s,ystems has 
been done by Nomura et al~132)in Japan, on the amylase synthesis by 
!!• subtilis. This enzyme Hi formed not in the log phase of growth of 
these bacteria, but later, in the stationary phase of growth. Its 
production is stimulated by RNA, which is present in a boiled extract; 
however, the activity is not destroyed by RNA-ase. Amino acid analogues, 
such as ethionine,do not inhibit production of amylase for the 
first few hours of incubation, but they do if present for longer periods. 
Ethionine has been found to inhibit greatly the incorporation of s35 
into the proteins of the bacterial cell with no effect on the production 
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of active enzyme. When a.rn;rlase is crystallized from cultures which 
have been incubated with s35 labelled methionine, a minor amount of the 
labelled methionine is found to be incorporated into the enzyme protein. 
Even lysed cells can form this enzyme if boiled extract containing the 
RNA factor is added. The conclusion drawn is that a precursor is formed, 
present in the cell, and is activated under certain conditions. No 
immunologically related protein can be identified in the bacterial cells 
before the appearance of active amylase. 
In 1951, Kruh et al.C168)reported that hemoglobin was non-uniformly 
labelled in rabbit hemoglobin, both in vivo and in vitro. Glycine-2-
c14 labelled Was incorporated in vitro by reticulocytes, and also by 
rabbits in vivo. Hemoglobin samples were hydrolyzed progressively, 
and the specific activity of glycine released on hydrolysis increased. 
This work is in contradiction to that reported earlier by Muir, 
Neuberger and PerroneC129)who studied the incorporation of ol4 labelled 
glycine, and N labelled in the same molecule. This appeared in the 
same ratio of radioactivity in the porphyrin. moiety and the globin, 
indicating that the hemoglobin utilized one glycine pool. 
b. Examples of uniform labelling. In response to Anfinsen•s 
work, the first data which appeared to support the simultaneous 
utilization of amino acids in protein s.ynthesis, or uniform labelling 
studies,was that of Work et al. in milk proteins. BarryCll) first 
showed that when a cow mammary gland was perfused with proteins and 
amino acids, only the free amino acids were taken up by milk proteins. 
Askonas, Campbell and Work(7)have well established, in lactating 
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goats, that the milk proteinsJ whey, casein, and lactoglobulin all 
appear to be s,ynthesized uniformly from the same pool of free amino 
acids. There is no evidence here for peptide or protein precursors. 
Godin and Work(7l~in infusing peptides intravenously,have established 
that these are not utilized in the formation of milk proteins. In 
another tissue, Junqueira, Hirsch and Rothscbild(92)have shown that 
c~rculating free amino acids but not plasma proteins are utilized in 
the formation of pancreatic proteins •. 
In a study of protein synthesis in ripening pea seeds, Raacke(140) 
has isolated a peptide fraction which appears before a protein fraction 
in the formation of seeds. This was presented as evidence for an 
intermediate of peptide nature, but no consideration was given to the 
possible breakdovm to amino acids in the process of protein formation •. 
Walter et a1.(16l)have studied the metabolic fate of homologous 
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serum protein, which is labelled and. injected into rabbits. s35 and 
r131 labels were used. The label is found widespread among the tissues 
of the body, in the same pattern of incorporation which they find after 
the injection of similarly labelled amino acids or peptides. They 
conclude that serum albumin is rapidly broken down by tissue cells, and 
that the rate-limiting step is the penetration into cells. A further 
study of this sort by Walter and Mahler(l62)concerns the fate of amino 
acids, peptides and proteins which are inje.cted into an egg, or into a 
hen~ Yolk protein appears to be the favored precursor in the developing 
avian embryo protein formation. They postulate a probable intermediate 
pathway through a precursor, which may be an activated amino acid. 
A very clear-cut piece of evidence is presented by Heimberg and 
Velick(BO)for uniform labelling in a study of 3 crystalline enzymes from 
muscle tissue of rabbits. The animaJ.s were injected with labelled 
amino acids, and the 3 enzymes, aldolase, phosphorylase, and 
glyceraldehyde-3-phosphate dehydrogenase, were isolated in crystalline 
form, and amino acid ana.lyses carried out on peptide fractions "Which 
were isolated from partial hydrolysis. 1tEqual1t labelling was observed 
in the peptides. 
Loftfield and Harris(ll9)have demonstrated that ferritin formed 
3 days after a rat is given saccharated iron oxide, is equally labelled; 
this protein, also was prepared in a crystalline state. They have also 
demonstrated that pool equilibration must be considered; even after 80 
minutes, equilibration is not complete between injected and intra-
cellular leucine, but approaches 40 per cent •. This was interpreted as 
considerable degradation of protein which is diluting the tissue pool 
of amino acids. 
Taliaferro and Talmadge(l58)have studied the question of precursors 
in the production of antibody in rabbits. Spleen transplants made under 
certain conditions act as antigens when transplanted to rabbits. 
However, there is a 3 day lag period before any antibody is produced. 
By appropriate isotope experiments, it has been demonstrated that 
during this 3 day period, accumulation of a precursor does not occur, 
and when the antibody does appear, it is labe:;LJ.ed in such a way as to 
indicate de novo protein synthesis. 
-- ' 
B. Micro-organisms: Substrate adaptation.--Of great interest in 
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studying the relationships between amino acids and proteins ~th 
respect to degradation and resynthesis and turnover, is the large area 
of work in which micro-organisms are used. The phenomenon of enzyme 
adaptation was first described in micro-organisms, as the appearance 
of an enzyme in a cell which previously had little or no activity 
in response to an inducer. This inducer may be the substrate, a 
chemically related compound, or in certain cases, other substances. 
This circUillstance is of great usefulness in the study of protein 
synthesis, as the increase of a specific protein can be followed. The 
work that has been done with micro-organisms is not necessarily 
applicable to mammalian s,rstems; .the growth rate i~ far different 
and cellular organization is not at all comparable. It has been 
estimated that a bacterial cell divides every 20 minutes in the log 
phase of growth. Data from m.ammalian ascites tUillor cells indicate 
that they divide every 80 minutes. In normal tissue cells, the 
mitotic index is extremely variable, and a net increase in protein 
synthesis, as is easily demonstrated in micro-organisms, is difficult 
to produce. 
Rogness, Monod and Cohen( 87)have studied the induced synthesis 
of 13-galactosidase in !• ~ by means of a study of the ldnetics and 
mechanism of sulfur incorporation. By labelling the bacterial protein 
with s35in methionine, they find all the sulfur to be incorporated 
into the protein. When such labelled bacteria are caused to produce 
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the enzyme 13-galactosidase by induction, the enzyme protein is labelled 
to the extent of less than 0.8 per cent of previously existing baeteria. 
Therefore, a precursor, if it had been present, would have existed at 
a maximum level of o.o4 per cent of induced enzyme. They conclude 
that no precursor existed in the bacterial cells; the enzyme induction 
represented de ~ synthesis. The possibility of a precursor in this 
particular orga:nism was of more than passing interest, as a compound 
immunologically very similar to the induced enzyme could be detected in 
non-induced cells. More startling was the conclusion that the 
bacterial proteins appeared . to be very stable and did not exist in a 
state of dynamic equilibrium as has been described by Schoenheimer. 
This conclusion was drawn from an experiment which is the reverse of the 
one described above. Cells containing induced enzyme, but not labelled, 
were grown out in s35labelled medium which .contained no inducer. s35 
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did not appear in the remaining enzyme. The enzyme was stable, as further 
tested by growing out labelled induced enzyme in non-labelled, non-
induced medium., and then once <fgain in non-labelled medium containing 
inducer. The isotope content remained constant with the final increase 
in activity in the third medium. The authors concluded that there is 
no evidence for a dynamic state of proteins in !• coli. 
Koch and Lev,yC97)have attempted to detect protein degradation in 
growing cultures of !• coli.. Their method is based on the ability of 
!• coli to use exogenously presented purine as nucleic acid purine 
precursor if it is present, but if it is not available, precursors 
which are also incorporated into protein may be used for nucleic acid 
purines. If the proteins are labelled, and the bacteria then deprived 
of exogenous ·purine, the amount of labelling in the nucleic acid should 
'• 
reflect the protein degradation, which provides precursors for purines 
in nucleic acids. Using several different precursors, no appreciable 
labelling was found in the protein, indicating that no degradation 
had taken place. 
There is some turnover in nitrogen-starved bacteria according to 
Mandelstam (l23). "When pools of amino acids of such starved bacteria 
were measured, they varied from 0.5 - 1 per cent of the dry weight. 
During nitrogen starvation, this pool slowly increased, denoting 
protein breakdown. He has carried out experiments in which labelled 
leucine was incorporated into the protein, and then uhder condition 
of starvation was measured in the free amino acid pool. This can be 
re-incorporated into specific proteins, an observation that can be 
blocked with chloramphenicol, a known inhibitor of protein synthesis. 
He concluded that the turnover rate is negligible compared to that 
in growing proteins, but it does exist. Further work by the same 
author(l24)describes similarly starved bacteria which are capable of 
synthesizing specific enzyme protein in response to the appropriate 
inducer. This is. inbibi ted by inhibitors of protein synthesis, as 
chloramphenicol, azide, and 2,4, dinitrophenol. To determine whether 
this was possible as a result of the amino acids which would be 
available if protein degradation was occurring, the experiment was 
carried out with a leucine-starved, leucine-requiring mutant, so that 
any synthesis of the. enzyme, which requires leucine, would have to be 
accomplished at the expense of leucine released from degradation of 
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bacterial protein. Some enzyme was produced even under these conditions 
of starvation, and it was prohibited by chloramphenicol. He was able 
to demonstrate breakdown in growing bacteria to a slightly lesser 
degree, using the leucine labelled protein. It was concluded that 
turnover goes on in starved bacteria to allow considerable synthesis 
of adaptive enzymes. 
C. Influence of Hormones, Especially Androgens. 
1. ·Metabolic adaptation.--As stated previously, enzyme adaptation 
to substrate is a phenomenon which was prima~ observed in micro-
organisms. However, in mammals, changes in enzyme level do oceu.r in 
response to different stimuli, one class of which is enzyme substrate. 
Hormones are another large class of physiological compounds which are 
capable of altering enzyme concentrations. Knox(96)has defined the 
changes that occur in enzyme levels in response to substrate administra-
tion or appearance, and hormone action to be cases of metabolic 
adaptation. The phenomenon is defined as one which involves processes 
of protein s.y.nthesis and degradation and is represented as constituting 
real changes in enzyme protein concentrationo This is in distinction 
to his nkineticn responses, which implies a change in rate of a 
particular enzyme reaction for reasons which do not involve a change 
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in the enzyme concentration. By means of metabolic adaptations, growth, 
differentiation, and the equilibration of the animal with its environment 
are carried out. 
The physiologic effects of conditions termed nmetabolic disturbances11 
by means of s35incorporation and its partitioning among liver cyto-
. structures have been studied by Lee and Williams(lOB). 1'he conditions 
studied were regeneration, carcinogen-induced cancer, high protein 
diet, and protein depletion. The liver ceil was fractionated and 
examined for label. New patterns of liver protein metabolism appear 
in the above mentioned states which deviate from the normal or 
control values. They discuss this picture of heterogeneity with 
respec~ to changes that occur ~ adaptive enzyme formation, which they 
believe aJ.so to be another example of such a metabolic disturbance. 
In a further study(l09)they studied these. turnover changes in a 
system undergoing enzyme induction - namely, the liver, which responds 
in a marked and rapid fashion to the administration of tryptophane 
by producing tryptophane peroxidase. The changes involve differences 
in the s35incorporation into the various fractions, the nuclei and 
mitochondria increasing, and the microsomes and residue decreasing. 
They believe such changes to b~ consistent with changes such as 
observed in enzyme induction. 
The system under study here (androgen-!3-glucuronidase} qualifies 
for inclusion in metabolic adaptation because it involves apparent 
induction of enzyme activity b;y- hormones., It has been examined as a 
protein synthesizing system, in terms of mechanism of hormone influence. 
Many descriptions appear in the literature concerning the effect 
of androgen on enzyme levels, both~!!!£ and~ vitro. The subject 
of hormone-enzyme relationships is now presented. 
2. Action of testosterone.--Testosterone is the most potent male 
hormone physiologically, and the major hormonal component secreted by 
the interstitial cells of the testis. In addition to its action on 
reproductive target organs, it has other generalized effects such as 
on protein anabolism which are not so directly concerned w.i.th its 
virilizing propert:r. The entire subject of androgens was discussed 
extensively several years ago by Dorfman(42). 
The aspect of androgen, or testosterone action of concern here 
is its effects on tissue growth and anabolism; most especially its 
function in bringing about the increase in activit,r of a specific 
enzyme, f3-gJ.ucuronidase. Discussion will be restricted to protein 
anabolism. 
Androgens in a physiologically intact organism are by no means 
independent in their action. Relationships between anterior pituitary, 
adrenal cortex, pancreas (insulin) and. thyroid have been demonstrated. 
These w.i.l1 not be discussed at this time. 
Some of the current theories of hormone action are of interest in 
relation to the influence of androgens on f3-glucuronidase activity in 
kidneys of mice. 
a. CUrrent theories. 
Green's trace-enzyme hypothesis. Green first postulated 
in l94J.( 72)that the action of hormones qualified them for inclusion 
in a class of trace substances. These were defined as substances 
which occur in minute amounts in the cell and which are essential in 
traces in the diet or the medium; if a substance fulfilled these 
requirements, it must be an essential part of some enzyme, or the 
enzyme itself. 
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As part of this theory, it is postulated that hormones act as 
prosthetic groups of enzymes and that hormone antagonisms may be 
an expression of inhibition of key enzymes. Such an inhibition does 
of 
not belong in either~the usual categories of competitive or non-
competitive inhibition, when these by definition are based on structural 
similarities, or due to actual poisoning of the protein molecule. 
Hormone action, or interaction, as expressed by enzyme inhibition, 
was assigned to a special class of non-competitive inhibition which 
is characterized by a high degree of specificity. 
Hechter's theory. Hechter(7S)has discussed the problems 
presented by the current theories of hormone action. The enzymologists 1 
answer, or that based on Green's trace substance hypothesis, is 
unacceptable to him on the grounds that: (1) no hormone has been 
identified actually as part of an enzyme system; and ( 2) although 
hormones do exhibit a marked effect on many en~es' systems both 
in vitro and in vivo, none of these effects explain the action of 
hormones. 
Instead, it was suggested that in some way the hormone action is 
involved in facilitating energy transfer to the cell metabolism, the 
energy receptor supplying the specificity. This is not necessarily an 
enzymatic reaction. 
Mueller's viel-rs. MuellerC128)has discussed the mechanism 
of action of the steroid hormones, using estrogens as an example; 
however, the basic concepts are expressed for steroids as a group. 
The :l-dea of cell organization and its cytostructural components, is 
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developed as being the site of action. 
A number of factors affecting enzyme activity are listed, such as: 
substrate concentration, en~e concentration, product concentration, 
pH, equilibrium constant, redox potential, free energy, all or any of 
which might be influenced by hormone action, are suggested as the 
ultimate site of its action. The presence or absence of cofactors 
or activating ion, and the presence of endogenous inhibitors is also 
included as modifying factors. 
A hormone must act as a particle of mass, which can· alter the 
state of another particle of mass only through molecular interaction. 
In order to produce the profound biological responses observed, the 
point of action must be a part of an amplification system, such as 
some point in a multiple enzyme system. In this way, the hormone 
could act by altering either the effective concentration of an enzyme 
.. 
or the effective concentration of a substrate. Both of these pathways 
could be effected in several ways: presence or absence of a coenzyme 
or cofactoP; action as a surface-active material, although this leaves 
the point of specificity to be reckoned with. No evidence is available 
for these yet. 
The s.y.nthesis of new enzymes is certainly involved in the action 
of some hormones. Enzyme induction has been stated by Knox(96)to be 
found in m.ammalian organisms, as well as in the micro-organisms where 
it was originally described. This is generally due to the presence of 
substrate in a situation where there was none previously. The 
phenomenon of sequential induction has been described, wherein an 
38 
enzyme is induced, and its products, as the substrate of another enzyme, 
sequentially induce the formation of another enzyme. Such a chain-like 
reaction, if it occurred, could explain the profound biological changes 
observed in hormone action. 
These are the ma~ theories which have been advanced to provide 
a working hypothesis for the examination of hormone action. 
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To go on to some of the experimental work in the area of mechanism 
of action of testosterone, much of it has, of necessity, been descriptive 
of the action of testosterone in only ~ vivo experiments under close 
to physiological conditions. The ultimate in vitro experiments, to 
identify the site and mo.de. of action, have not been reported as yet. 
b. Experimental work. 
Protein anabolic property of androgens. The protein 
anabolic action of testosterone has received much attention among 
experimental biologists because of its.relation to growth. It is a 
general effect, and not related specifically to the androgenicity of 
the molecule. 
In l935, Kochakian and MUrlin(J.Ol)reported that administration of 
an extract from normal male urine produced a decrease in urinar,y nitrogen 
excretion, and caused body weight increase in castrate dogs. This is 
the basis for a tremendous amount of research work in ~ in 
examination of this protein anabolic ef.fect of male hormone, for the 
active substance was identified as this. With the synthesis and 
identification of testosterone, its properties were compared with the 
urine extract and found to be identical. Testosterone or its propionate 
has been the compound employed in Kochakian 1 s subsequent work. 
The site of deposition of new tissueC98)in this anabolic effect 
is not restricted to the accessory sex organs, which account for only 
a smaJJ. fraction of the retained nitrogen. TotaJ. body lveight increase 
reflects an increase in the weights of muscle and.kidney, the latter 
being a response that is marked and very reproducible. The so-called 
renotrophic activity has been differentiated from the androgenic 
activity and is related to the 17 ~-OH grouping. The anabolic response 
appears to be dependent on an adequate food intake; mice on starvation 
diet respond to androgen by increase in size of the seminaJ. vesicles 
and prostates to the same extent as in well fed animals, but the kidneys 
do not exhibit a renotrophic response unless there is adequate food 
intake. 
Effect on en;rmes. The influence of testosterone on enzymes 
has been studied by Kochakian (lOO). Testosterone was found to decrease 
alkaline (pH 9.8) phosphatase, and to increase acid (pH 5.4) phosphatase 
and arginase in the mouse kidney. The corresponding enzymes of liver 
and intestine were not affected. In vitro experiments were negative. 
On the basis of experiments in which he (1) mixed non-stimulated with 
stimulated tissue and got an additive response, and ( 2) ran assays with 
and without CoCl2 which is necessary for arginase activity, and the 
addition of testosterone to the incubation media, he concludes that the 
increase in the activity is due to synthesis of new protein, and not to 
some other mebhanism. In looking for an explanation for this effect, 
one thought is that arginase is responsible for providing suitable 
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nitrogen forms for protein synthesis. Another synthetic process, 
the formation of glycocyamine, by the transfer of the amidine group 
of arginine to .glycine occurs in the .kidney. This compound is then 
methylated in the liver to form creatin. Creatinuria is also character-
istic in testosterone treated dogs. 
A comparison has been made between the in vivo effects of growth 
--
hormone and androgen in the anabolic properties described(99). 
Generally, the two processes appear to be dissociated and additive 
when both hormones are administered to the animal at the same time. 
In further work to examine the effects of androgens on enzymes, 
arginase activity, when followed during the course of anabolic response 
to testosterone,.continues to increase after the nitrogen retention has 
tt'\'rorn off11 , and the animaJ. is refractory to testosterone in this respect. 
Thus, the arginase increase appears to be dissociated from the nitrogen 
retention response. .However, increase in the size of various organs, as 
kidney, seminal vesicles and prostate also continues, after the nitrogen 
retention effect has worn off. 
In in vivo experiments, where testosterone was implanted, an 
increase in kidney respiration occurred, with no change in that of the 
liver. In slice experiments, larger than physiological doses of 
testosterone were required to produce a decrease in liver respiration 
and in kidney. 
Further ~ vivo experiments have been carried out by Endahl and 
Kochakian(44)to study the enzymes involved in the Krebs cycle, as a 
sequel to their respiration exPeriments. From these studies, two roles 
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for androgen in regulating the activities of the Krebs cycle were 
suggested. The first one is a general one, based on the direct 
proportion of respiration to the changes in protein synthesis with 
castration and testosterone. Since most of the enzymes affected 
are present in the mi tochond:ria, androgens apparentJ.y directly influence 
synthesis of some of the mitochondrial elements as well as other protein 
constituents of the tissue. 
Other metabolic effects. Much work of an isolated nature 
has been done on enzyme systems in tissues which respond to androgens. 
Leonard (llO )has studied succinic dehydrogenase levels in striated 
muscle in relation to testosterone. The activity was measured in 
perineal muscle, which responded to testosterone by hypertrophy. 
Although these characteristic;;morphological responses were observed, 
no alterations in succinic dehydrogenase activity occurred in castrate 
and treated animals. 
Williams-Ashman(l65)studied the enzymatic changes in the rat 
ventral prostate induced by androgenic hormones. A number of glycolytic 
and respiratory enzymes were assayed in this organ in the rat. The 
results indicate . the presence of Krebs citric acid cycle in this gland. 
On castration, aconitase, fumarase,· malic dehydrogenase were decreased, 
and lactic dehydrogenase was increased. All retum.ed to normal on 
testosterone propionate administration. Unaffected were isocitric 
dehydrogenase, glucose-6~phosphate dehydrogenase and enolase. None 
of these enzyme systems were sho1v.n to exhibit an in vitro effect. 
Mann(l25)has published a review concerning male sex hormone and 
its role in reproduction. His interest has been in evaluation of 
androgenic factors by assaying semen for fructose, among other components. 
Fructose is not present in the absence of testosterone. This has been 
assumed to be the energy source for spermatoza. 
Hers( 82}has published the mechanism of transformation of glucose 
to fructose in the seminal vesicles. It is a TPN, DPN dependent 
reaction. 
'VJ'ork by Lewis et al. (ll3) done on serum lipoproteins shows them 
to be altered under conditions of testosterone stimulation. 
(65) . 
Furman et al. , studied the effect of testosterone, methyl 
testosterone (which does not exhibit the protein anabolic effect) 
and DL-ethionine. All caused a reduction in high density lipo-
proteins. This appears to rule out protein synthesis with respect 
to testosterone, as ethionine is a known inhibitor of protein s,ynthesis. 
Androgens and mitosis. The effect of androgen on the 
mitotic activity of tissues, both target organs and others, is of interest 
from the point of view that androgens are growth supporting substances, 
and the growth and functioning of the primary and secondary sex organs 
depend upon their presence. BuJ.J.ough ( 29 )has described mitotic activity 
as being characterized by two requirements: (l) local specifio effects 
and ( 2) energy requirements. 
Testosterone is reported to support cell division in sex organs and 
secondary sex glands. Spermatogenesis does not take place in its 
absence. Testosterone is also reported to permit the development of 
epidermal papillae in rabbit ears, a mitotic response and .i:s·· mitogenic 
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when tested on the epidermis of adult castrate mice. 
Cytologic studies. Lasnitzki (l04) has studied the effect 
of testosterone propionate on organ cultures of the mouse prostate. 
This is primarily a morphological, cytological study, in which the 
characteristics of growth are studied. A difference between young and 
old glands is noted in that the younger glands show regression of 
alveolar epithelium which becomes hyperplastic on administering 
testosterone propionate. In older glands, differentiation of the 
tissue is maintained in the normal medium, but on being treated with 
testosterone propionate, there is hyperplasia of alveolar epithelium 
with cytologic and mitotic abnormalities shortly after treatment is 
begun. Prolonged exposure to the hormone leads to degeneration of 
the alveolar epithe~ium. They conclude that the young glands need a 
higher level of testosterone propionate to preserve differentiation than 
older glands, which may become more sensitive to it. 
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Another histological study on tissues which have been stimulated by 
testosterone propionate was made by Ludwig and Boas (l2l) on the connective 
tissue of the comb of the cockerel. ·The authors conclude that growth, 
differentiation and mucopolysaccharide content of the cock's comb are 
dependent on androgen stimuJ.ation. In young fast-growing tissues, 
cytoplasmic basophilia, due to ribonucleic acid is present, which they 
believe to be related to protein s,ynthetic activity in accordance with 
Brachet•s ideas. 
Incorporation studies. BartlettC12)has published some 
data which are of interest in providing a possible explanation of the 
protein anabolic effect of testosterone, and mechanism by which it 
could be brought about. By measuring total nitrogen retention and 
excretion of labelled waste products in the urine of testosterone 
propionate treated dogs and calculating the nitrogen pool from informa-
tion in the literature, the nitrogen storage and amino acid catabolism 
was calculated. It was concluded that the anabolic effect is brought 
about through a higher rate of protein synthesis and a lower rate of 
amino acid catabolism. 
A study of incorporation of carboxyl labelled glycine into tissues 
of mice which have been stimulated with testosterone has been made by 
Frieden et !h·(62). The increases in the incorporation rate appeared 
sooner, reached a·plateau and began to decline, before the renotrophic 
effect, measured by kidney weight, had reached a maximum. The greatest 
increase is in the mitochondrial fraction. It was concluded that the 
effect of testosterone propionate is to facilitate the intra-cellular 
accumulation of glycine from a relatively deficient medium. These 
effects were found only with kidney protein and not in liver or 
diaphragm. From his further studies ( 60) it is concluded that a cell 
membrane phenomenon is not the exclusive explanation although this does 
not negate an intra-cellular membrane phenomenon, and perhaps both 
are operating. 
More recently, work has been reported by Farnsworth(48)on the 
influence of androgen on prostatic protein synthesis. Synthesis of 
acid phosphatase (prostatic) was observed in response to apparently 
in vitro action of testosterone, as well as increased incorporation 
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into the long chain fatty acids and Krebs Cycle intermediates. 
Steroid action is regarded to take place at the level of activation 
of amino acids and fatty acyl elements for protein and fatt,r acid 
synthesis. 
A comparison of testosterone propionate and 4-chloro testosterone 
acetate, which is more myogenic and less androgenic, on incorporation 
of amino acids into liver proteins, in slices of rat liver, both 
normal and regenerating has been made by .Bernelli-Zazzera et al. (l6). 
An increase in the amount of incorporation was observed with both 
steroids in the regenerating liver, but none in the control liver. 
They explain these results as supporting e~dence that the action of 
testosterone is on protein synthesis. 
D. Background of Experimental Work from which the Problem Originated. 
The action of testosterone propionate on the ~-glucuronidase 
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content of kidney in C3H mice was first described by Fishman in 1951 (5l), 
and had been observed during the course of a study to determine the 
physiological function of ~-glucuronidase in connection with estrogen 
action and metabolism. Inasmuch as the enzyme in question has an 
affinity for steroid glucuronides, including estriol glucuronide, and 
that it shows fluctuations in' activity in different tissues in response 
to administration of certain drugs and hormones, it was postulated that 
the function of the enzyme in the tissue might be a synthetic one in 
the formation of glucuronides. Previously, only hydrolytic activit,r 
of the enzyme on the steroid or terpene alcohol glucuronides had been 
observed, but enzymes are known to be reversible, and that possibility 
was strongly considered here. It had been shown(50)that the adm:i.nistra-
tion of the so-called Uglucuronidogenictt drugs, as menthol and borneol, 
to mice and dogs caused an elevated ~-glucuronidase activity in liver, 
kidney and spleen, but not in ovary, uterus or testis. However, the 
effects observed on sex tissues are different. On ovariectomy, there 
is a marked decrease in uterine ~-glucuronidase in the mouse. When 
estrogens are administered to the castrate mouse, there is a return of 
the uterine value to normal, but no change in liver, kidney or spleen. 
Testosterone propionate does not increase the uterine ~-glucuronidase 
to the same extent as does estradiol, nor does it antagonize the 
estradiol action. The conclusion drawn was that the function of the 
enzyme in the uterus was to conjugate estrogen, which was part of its 
functional and metabolis fa thway. Further studies were made because of 
information obtained from clinical studies on the elevated serum activity 
during pregnancy, and in estrogen therapy, and the question of whether 
or not this came only from sex tissues, which showed an elevation, or 
from non-sex tissues in part.· 
(127) Morrow et al. had reported some new observations on factors 
which control ~-glucuronidase tissue levels, and these are genetic. 
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Different strains of mice vary in this respect, and the C3H or high 
mammary gland tumor strain, is reported to exhibit very low ~-glucuronidase 
tissue levels. This was chosen as the strain for stu~, as differences 
of non-sex tissue levels would be more marked. When estrogen is 
administered, the tissue enzyme responds by increases which are 6 to 
8 times greater in magnitude than those observed in white Swiss mice, 
which have higher resting levels. When androgen is administered to 
these mice, there is no increase in liver, but a marked increase in 
kidney enzyme is observed. This was examined with respect to time, 
over a period of 70 days, and the enzyme level was found to increase 
to a vaJ.ue 50 times that of control, with no increase in liver levels. 
Castrate male or female mice responded in the same manner. Similar 
studies on white Swiss mice produced values only 10 times greater than 
control levels. These studies were .taken to indicate, in view of 
Morrow's work on the genetic control of resting tissue levels, that not 
only normal levels, but the ability of mouse tissues to respond, either 
the liver to estrogen, or the kidney to androgen stimulation, is under 
genetic control. 
These observations were extended to include the influence of 
estrogen, androgen, and both together, when administered to a number 
of strains of mice, by Fishman and Farmelant (56). The same trend of 
results was observed. The two low strains, C3H, and AKR, both fell 
into the group called high responders as well as CAF, BAF, and 
A/Cloudman. The response of kidney ~-glucuronidase to androgen in 
this group was-9.5-12.5 fold, while the group of low responders, which 
included strains 129 and DB!, exhibited only a 4-5 fold increase. 
When estrogen and androgen were administered together, stilbestrol 
always counteracted the action of testosterone propionate on the kidney, 
while the androgen had no effect on the liver response to estrogen. 
One of these strains, DB!, has been studied from another point of 
view. In some histochemicai studies(l43)of the localization of 
~-glucuronidase in the kidney of these mice, it was observed that it 
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was localized in both the lumina and the epithelial cells lining the 
renal tubules. This suggested the possible excretion into the urine, 
and upon investigation this was found to be so. When mice treated 
with testosterone propionate were studied over a period of time, it 
was found that the urine enzyme content paralleled that found in the 
lddney, with a one-day lag in the parts of the curve showing marked 
increase or decrease on the part of the kidney enzyme. 
Further quantitation of the renal ~-glucuronidase response to 
androgens was carried out by Fishman, Artenstein and Green (54). Studies 
were made to determine the range of activities in normal and androgen 
stimulated mice, the effect of diet, and a wide screening of androgens, 
correlating their androgenicity with .this enzyme enhancing property. 
A/Cloudman {which have more recently been named A/Ja:x.) mice v.rere used, 
as they were a high group normally, with less than 10 per cent variation 
in levels, and also high responders. Since male A/Ja:x:: mice have higher 
resting kidney ~-glucuronidase levels than females of the same strain, 
they were chosen for study. An unrestricted high fat, high protein 
diet(54)was found to produce the greatest response, with a high protein 
diet coming second. A low protein diet was the most ineffective. 
In the course of screening many androgenic steroids, and comparing 
them to testosterone, some molecular changes in the molecule which 
enhanced potency were esterification of the 17~-hydroxyl, introduction 
of the 17a-methyl group, reduction of the· .6-4 double bond and elimination 
of the 19 angular methyl group. The data presented by these authors 
strongly emphasize the quantitative nature of this phenomenon. 
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A further stuqy of more steroids with respect to their enzyme 
enhancing property was made by Fishman and Lipkind(57). Comparisons 
were made with data in the literature of virilizing potency of compound 
versus protein-anabolic properties. The trend for high glucuronidase 
response appears to be among those steroids which have a higher ratio 
of protein anabolic to virilizing properties. 
Aqueous extract of pituitary gland when injected into A/Ja:x. mice 
caused an increase in renal. f3-glucuronidase activity in male miceC55). 
This was found to be due to gonadotropin rich in interstitial·· cell 
stimulating hormone. No effect was found in castrate or female mice, 
and the luteinizing (ICSH) hormone was found to be much more active 
than the follicle-stimulating hormone. Castration of male mice in this 
strain caused their levels to fall to that of intact female mice. 
Other pituitary fractions were negative, and the ICSH fraction did not 
increase activity of liver, spleen, testis or seminal vesicle. In 
evaluation of this hormone, with respect to this renal f3-glucuronidase 
response, again it was found to be quantitative and reproducible. 
E. Nature of Enzyme Activity. 
The catalytic activity of an enzyme molecule presents a great 
advantage in the quantitative measurement of a protein molecule. Such 
a small amount of protein as one microgram, by virtue of its catalytic 
activity may produce lOOO micrograms of product from substrate, which 
is well within the. realm of measurement. The purity of an enzyme 
preparation is expressed in terms of specific activity, which is 
defined as units of enzyme activity per mgm. protein. In a pure 
preparation, such as a crystalline enzyme, under the proper conditions 
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of assay, which will have been defined, there should ideally be 
perfect agreement in quantitating the protein either by enzyme 
activity or by conventional methods for estimating protein. 
The catalytic activity of an enzyme depends on many factors; 
these have been discussed in detail by Fishman in 11Plasma Enzymes" ~53 ) 
Attention will be given here to the substrate, its concentration, 
initial velocity, pH, temperature of inactivation and effect of 
inhibitors. 
Choice of substratet the activity of the enzyme will appear to 
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be different for different substrates, because the steric configurations 
of the enzyme protein and the substrate molecule must fit rather 
precisely. If there is interference in an enzyme-substrate union, 
the velocity of the reaction will be decreased. The affinity of the 
substrate for the enz.yme can be expressed as the Michaelis constant, 
Km, which is called the dissociation constant of the enzyme-substrate 
complex. Km is defined as the molar concentration of substrate 
observed at one half the maximum velocity. By means of this constant, 
the effects of substrate concentration on en2qme activity can be 
expressed and compared. Twice the Km value is the minimum molar 
quantity of substrate for maximal velocity of the enzyme, and more 
than this can be used, if the substrate is lmo"WWl not to cause 
inhibition. 
The initial velocity of the reaction is the most reliable measure 
of the reaction. Relevant variables are: (l) change of substrate 
concentration as it is destroyed; (2) denaturation of the enzyme which 
can result £rom exposure to the temperature o£ the reaction; (3) 
dilution; proteins are not stable in dilute solution, gener~, 
and this can be overcome with the addition o£ a stabilizing substance, 
such as bovine serum albumin in small amounts; (4) pH changes due to 
change in the composition o£ the medium. In connection with some o£ 
these changes it may be pointed out that a given enzyme has a pH 
optimum which may vary with di££erent substrates, but which must be 
considered in maintaining conditions o£ assay which promote maximal 
velocities. The e££ect o£ temperature is also marked, and an optimum 
may be measured; however, most reactions are usually carried out at 
37~>5°, as this is body temperature. As the temperature increases, a 
temperature o£ inactivation can be £ound at which the protein is 
irreversibly denatured. As the increase with velocity may double over 
a period o£ 10° range in.temperature, conditions must be maintained 
constant. In connection with the possible denaturation o£ the enzyme 
with dilution in the assay medium, the concentration o£ enzyme must 
be studied, and the best conditions £or this establishedl that which 
allows a reading in a reasonable length o£ time versus that which 
maintains the enzyme in a stable condition. The time o£ incubation 
must be considered £rom this same point o£ view. 
These brie£ly mentioned characteristics, in addition to being an 
integral part o£ a given enzyme-substrate reaction, and necessarily 
considered in accurately evaluating the enzyme and its activity, have 
als·o another aspect. Inasmuch as these conditions are very specific 
£or a given enzyme and substrate, they may be used to determine 
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differences between two closely related enzymes, as two which have been 
isolated from different sources, but appear to have similar activities. 
In addition to pH and temperature optima, heat of inactivation, Km, 
the Kr, or the dissociation constant of the enz,r.me-inhibitor complex 
in the presence of substrate can be measured. These have been utilized 
in this work, in evaluating the characteristics of ~-glucuronidase, 
which is isolated from urine, kidney and liver of the mouse. 
Studies of inhibition of enz.yme systems can frequently be 
useful in identifying the '~active sites11 of the enzyme. If these can 
be bloCked by an agent whose action is well understood, something of 
the specific configuration of the protein which is active as the 
catalyst is understood. 
In sUll'llilary of this brief discussion, it is quite apparent that 
alterations in en~e activity need not necessarily be related to 
changes in protein concentrati<?n.. While a large increase in enzyme 
activity is generally assumed to be evidence for an inerease in 
protein, this is not a certainty. Enzymes sueh as chymotrypsin, or 
trypsin, .whieh are present in the cell as ehymotrypsinogen or 
trypsinogen, and must be enzymatical.J.y aetivated by small alterations 
in their strueture are examples of an observed inerease in activity 
whieh does not represent de ~ synthesis of protein. The previously 
discussed description of amylase production in response to various 
agents is another example of this sort. In this investigation, efforts 
have been made to substantiate the assumption that an enhaneement of 
enzyme aeti vi ty represents an :inerease in the amount of enzyme protein. 
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II. PURIFICATION AND PROPERTIES OF MOUSE URINE, KIDNEY AND LIVER 
13-GLUCURONID!SE 
A. Introduction 
A reliable and satisfactor.y method of purification of the enzyme 
from the urine, kidney and liver of mice was required. In this 
connection, urine was chosen as the first enzyme source for study. The 
advantage offered by this material was that the body had already 
separated the enzyme from most of its other tissue proteins by the 
process of formation and excretion of the urine. Moreover, the urine 
is a potent source of the enzyme in the hormonally treated animal, and 
a good source of enzyme is a circUmstance which favors the achievement 
of a pure preparation. In this respect, it is superior as a source to 
liver and kidney tissues from the same animals, where the additional 
factor of availability of a supply of tissues from a few small and 
expensive pedigreed animals is a limiting factor. This is especiall.y 
true in the control animals, which have not been treated with testost-
erone and have low levels of enzyme activity relative to the test mice, 
and this unfavorable situation applies to the liver enzyme in all cases, 
as this organ does not respond to stimulation by testosterone with an 
increase in 13-glucuronidase activity. The purification of liver enzyme 
is carried out routinely, as it has been taken as a reference protein 
in the incorporation experiments, which will be discussed further. 
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The available published methods for purification of 13-glucuronidase 
were investigated briefly and discarded primarily because of inactivation, 
• 
when the enzyme purified was obtained from mouse tissues, especially 
urine. It was found necessary to elaborate a new method for purifica-
tion of urinary f3-glucuronidase which would be economical of enzyme, 
convenient and effective. While too much space would be required to 
detail the experiences (mostly frustrating) Which ~ed to the adoption 
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of the present procedure, it may interest the reader to know of their 
general nature. Thus, for example, all sorts of techniques and 
apparatus were investigated which would permit complete collection of 
mouse urine, free of contamination from drinking water, food particles 
and feces over a period of .two to three weeks. Moreover, for .many weeks 
it proved impossible to precipitate the urinary f3-glucuronidase with 
ammonium sulfate without suffering grave losses in total activity. 
Surprisingly, once the enzyme had been recovered from the urine by other 
means (precipitation by organic solvents) it responded gracefUlly to 
treatment with ammonium sulfate solution without significant losses. 
Systematic examination of other steps connnonly employed in enzyme 
fractionation was made, but the returns were disappointingly small for 
the effort required. Nevertheless, a procedure was elaborated which 
met the originally stated requirements and has stood the test of repeated 
successfUl usage. Essentially, one can expect to achieve a 40-100 fold 
purification of urine f3-gluc1ironidase, and to prepare in 4 steps a 
product of a specific activity of 20,000-lOO,OOO Fishman units/mg. 
protein. The working time reqUired is 8 hours and 2 preparations can 
be made simultaneously, if. adequate equipment is availabla. An account 
will be given of this procedure. 
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B. Isolation and furification Method 
The purification procedures have been carried out in the cold, 
generally. Although the enzyme is stable at room temperature when 
in solution, it is very easily inactivated in the precipitated state. 
The procedure consists of 4 general phases: (1) 11solvent11 
precipitation of enzyme; (2) its precipitation and fractionation first 
with acid annnonium sulfate; and then (3) with alkaline ammonium sulfate; 
and (4) inactivation of contaminating proteins at 37°. 
Step l. Solvent precipitation. The solvent mixture is: 
75% ethanol (95%) 
20% acetone (redistilled) 
5% diethyl ether (redistilled 
Both the urine and the solvent mixture are cooled to 0° in an ice 
bath. The centrifuge bottles in which the precipitation is to be 
carried out are also cooled in advance. To one volume of the urine, 
twice this amount of the sol vent mixture is added slowly with gentle 
stirring. The mixture is centrifuged immediately for 20 minutes at 
2400 rpm. at 0° in a refrigerated centrifuge. The supernatant is 
poured off and discarded and the precipitate drained free of solvent. 
The residue is then mixed in a convenient amount of water, usua.J.ly 
about 10 ml., from which the insoluble material is centrifuged. The 
supernatant (Solution ~) containing all the extractable enzyme is next 
fractionated with ammonium sulfate. The solvent precipitation can be 
safely used only in the first step o£ the purification procedure, 
because it has been found to inactivate the enzyme considerably when 
used in later stages o£ the purification method. 
Step. 2. Ammonium sulfate (AS) fractionation. To Solution I, two 
volumes of saturated ammonium sulfate are added slowly, with stirring, 
a step which causes the enzyme to precipitate along with the other 
proteins present. This precipitate is centrifuged at lB, 000 rpm. in 
the high speed attachment of the refrigerated centrifuge for 20 minutes. 
The supernatant is poured off, and the precipitate is extracted with 
lO ml. of 5o% saturation ammonium suJ..fate solution, by dispersing it 
with a stirring rod and mixing well. This mixture is centrifuged in 
the same way, the supernatant discarded, and the precipitate is re-
extracted with 30% saturation ammonium sul.fate. The supernatant in 
. this case contains a large amount of the enzyme. The remaining 
precipitate is suspended in 5 ml. of O.l N acetate buffer, pH 4.5 and 
set aside. To the 30% saturation AS supernatant, 2 volumes saturated 
AS are added, and after stirring, the precipitate is centrifuged. This 
residue is dispersed in 4-5 ml. water, Solution II. This step serves 
both to purify and concentrate the enzyme solution. This is now ready 
for the next phase. 
Step 3. AJ.kaJ.ine annnonium sul.fate (AAS) fractionation. This step is 
essentially the same as the AS fractionation at acid pH, except that the 
pH of the reagents is alkaline, 8.3. Since this pH is one at which the 
enzyme is not very stable for any length of time, 0 .l M. glycine has 
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been included in all of the alkaline ammonium sulfate reagents as an agent 
which is known to protect J3-glucuronidase activity. Two volumes of 
saturated AAS (with O.l M. glycine) are added slowly to Solution II in 
the cold. The precipitate is removed by centrifugation, extracted with 
50% saturation AAS, and the supernatant from this is poured into an 
equal volume .of 0.1 M. acetate buffer, pH 4.1. By this means, the pH 
of the solution is lowered to one at which the enz.yme is more stable. 
The precipitate is again extracted with 30% saturationAAS and centri-
fuged. The supernatant now contains the enzyme fraction. The residue 
is again extracted with buffer and set aside. The 30% AAS supernatant, 
having been· poured into an equal volume of 0.1 M. acetate buffer, pH 
4.1, is now precipitated with 2 volumes of saturated AAS. The 
precipitate is centrifuged and dissolved in a few ml. of water, 
depending on the amount of activity present. This Solution III is 
reaqy for the next step. 
Step 4. Heat inactivation of extraneous protein. The enzyme solution 
is incubated in a water bath at 37° for 30 minutes, which causes 
inactive protein to flocculate out. The supernatant obtained by 
centrifuging this mixture is stored in the cold (Solution IV), and 
represents the finaJ. product in this enzyme purification. The enzyme 
solution is stable in the cold for several months. 
Purification of @-glucuronidase of kidney and liver. The organs in 
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each case are cleaned of fat and fascia, and homogenized in a Waring 
blendor in a convenient volume (100 ml.) of 0.1 M. acetate buffer, pH 
4.5. This homogenate is incubated overnight in a water bath at 38°, a 
step which leads to the solubilizing of the enzyme and the denaturation 
and flocculation of a portion of other proteins. In the morning, the 
homogenate is centrifuged, the pulp washed with an additional small 
amount of buffer, and the supernatant and washings combined. From this 
point on, the procedure followed is identical with that just described 
for urine. The data are summarized in Table l. 
The following statements are made with regard to the experiences 
with liver and kidney. Best resuJ. ts are obtained with fresh tissues, 
or with those that have been only refrigerated but not frozen. When 
the starting material contains a high titer of enzyme activity, a 
product of higher specific activity generally results. On the whole, 
however, the enz.yme preparations obtained from both kidney and liver 
tissue have not equalled the purity of the products from urine. Tables 
of purification data from these three sources are included in the 
Appendix, f}JU, A2. A similar situation which resembles this one has 
been encountered in the ~-glucuronidase preparations from calf liver 
and spleen(l7,18). Both were subjected to the same processes of 
purification but the specific activity of liver ~-glucuronidase was 10 
times greater than that of spleen in spite of strenuous attempts to 
improve the potency of the latter product. The liver in this case has 
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a higher specific activity in the starting material than does the spleen. 
However, before accepting this explanation for the lower specific activity 
of the tissue versus urinary enzyme, no less strenuous and vigorous 
efforts have been made to achieve greater purification of mouse liver 
a.nd lddney tJ-glucuronidase. An account of these experiments follows. 
Amongst the standard procedures in enzyme purification is the use 
of solid gel adsorbents for protein from which the enzyme can often be 
eluted free of some of the contaminating proteins. Three such procedures 
(Cy-alumina gel, Al2o3 , ca3 (P04)2 gel) were investigated. Some ion-
TABLE 1. SUMMARY OF B-GLUCURONIDASE PURIFICATION RESULTS: 
TESTOSTERONE PROPIONATE TREATED MICE 
TJ r.:i n ~ K i c;l.n~ Y .. ..:4iver. 
·i>u.i-:i.-t:V :Specific % P:uri ty. Specific · % · Purity Specific· % . 
Actiwit.l, Recov. Factor Activity Recoy. Factor Act:iv:ity Reoov. Factor 
141,000 5.5 125 3,260 26.7 5.5 3,110 29.1 15 
53,500 9. 290 12,800 11 70. 15,300 10.6 79 
30,000 18,250 11 23.4 6,100 19.7 28.3 
25,800 36,000 13.6 140. 1,385 21.0 200 
23,000 28,600 17.0 160. 1,270 23.2 11.7 
39,200 6. 46.5 22,100 24.8 8.8 2,950 17.5 250 
35,700 33. 12.4 88.700 2.2 521. 5,700 15.6 490 
44,500 20. 42. 52,800 22. 890. 5,870 5.9 2,930 
60,600 47. 86. 93,500 19.5 70.8 4,100 9.3 4,000 
73,700 17. 104. 32,600 100. 5,450. 1,980 15.1 22.5 
262,000? 25. 312. 20,000 12.2 1,400. 8,650 3.6 600 
110,000 48.2 70.3 28,400 59.3 57.7 3,080 4 .. 1 62 
113,500 37.0 60.2 37,100 18.9 208.. 770 5.0 55 
39,000 25.0 4,240. 22,200 15.9 . 127 890 3.9 33 
80,000 42.5 660. 32,400 14.3 24.5 2,380 25.6 26.6 
25,400 19.0 117. 1,760 11.0 76 
CONTROL 
555 21.3 3.3 4,250 16.2 493 
1,248 19.3 66. 980 23.6 12.9 
2,780 14. 290. 2, 500 15. 8 
3,100 13.7 141. 657 10.8 10.1 
~,180 17.0 270. 13,700 16.9 111 
6,750 11.8 218. 495 3.1 7.9 
1,385 6.7 13.1 1,405 13.2 111.5 
4,360 11.5 363. 1,210 18.6 20.0 
1, 505 27. 443. 
~ EARLY TESTOSTERONE PROPIONATE EFFECTS 0 
4,700 31. 71.3 30,800 4.0 1,310 1,890 46. 270 
14.100 53.6 24.8 167~000 11 ~ ~ 1 <:tl!=i. ~ Q~{\ 1:: 1:: QQ{\ 
TABLE 1 (Cont.) 
S'UlviMJffiY OF DEGREE OF PURIFICATIONJ AVERAGE VALUES 
FROM TABLE. 1. 
Test. Prop. 
Control 
Early T.P. 
Urine 
62,000 
-
98,900 
Kidney 
34,600 
2,670 
1,310 
Liver 
4fl70 
2,970 
5,850 
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exchange resins which have been found useful in protein separation were 
also examined. Moreover, the mobility in solution in an electric 
field of en~e and other proteins offered a means of further purifica-
tion which was studied in detail by means of a novel technique (for 
zone electrophoresis) which utilized polyurethane sponge as a support-
ing medium. The relevant experiments are described in the next 
section. 
C. Use of Adsorbents in Purification. 
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l. Or-alumina gel in studies on the purification of f3-glucuronidase. 
The gel was prepared according to the classical method of Willstatter(77) 
and the preparation used had been aged as required. Or-alumina gel is 
a standard adsorbent for enzymes and the conditions for its use have 
been well worked out by others. 
The gel was used in the usual manner; that is, small amounts of 
gel were shaken up in a test tube with the enzyme containing solution. 
The ratio QAl = mgm. Al ~d:fY wt.} was investigated over the range of 
mgm. pro em 
QAl a:vO.l-2.0, the amount of protein being determined for each prepara-
tion. In the first experiments, 11Ketodase 11 was used as a convenient 
source of enzyme protein in or<?er to conserve available experimental 
material.. This had been further purified by one ammonium sulfate 
precipitation. 
The experiments were perfor.med by adding gel to a solution 
containing a suitable amount· of protein (0.1-2.0 mg./ml.), the final. 
volume being kept the same for a series of tubes in which the gel 
concentration was varied. The tubes were agitated, centrifuged, and 
the specific activity of the supernatant was obtained by assaying 
for ~-glucuronidase activity, and determining the protein concentra-
tion. The results indicated that the enzyme is adsorbed very readily 
at rather low ratios of gel:protein, but impurities are also adsorbed. 
Elution with the appropriate buffer presented a problem. The 
average recovery of activity was 10 per cent. The enzyme preparations 
were not stable to prolonged dialysis against distilled water, but 
undialyzed preparations contained too much salt for the gel procedure 
to be effective. When a dialyzed preparation of the enzyme was used, a 
fraction could be eluted in 0.2 M. citrate buffer, pH 6.3, which had a 
purity 10 times that of the original. 
In summary, adsorption occasionally gave encouraging results with 
undialyzed 25% ammonium sulfate fractions. In general, such adsorptions 
were non-specific in that the eluates contained material of specific 
activity no greater than the original one, accompanied by considerable 
loss of total activity. Data are summarized in Table 2. Addi tionaJ. 
data obtained with several different gels is included in the Appendix, 
Table #A3. 
2. Al203 column chromatography.--Aluminum oxide has been usec;i 
in colunm chromatography in the purification and separation of enzymes. 
A column was prepared according to the specification of Zechmeister 
and Rohdewald(l67)who have described the localization of ~-glucuronidase 
in this way. Untreated mouse urine of high titer was added to the 
column, and the enzyme was all adsorbed in the first 2.0 em. The 
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TABLE 2 TABLE OF ADSORPTION DATA (Cr:.alum.ina gel) 
QAl Orig. Adsorbed Eluted Eluant Recovery Purity Sample Spec·.Act. ~ec.Act. S.pec.Act. Buffer pH % Factor 
--.--.-- . 
Ketodase 0.4 1,666 1'2,870 53' 500 0.2M. 7.0 16 32 
Citric acid 
Ketoctase 0.8 1,666 8,860 401000 u.2M. 6.4 16 24 
Ci t,;-ic acid 
Mouse.u:cine . a. o 262 375 3,600 0.2M. 6.4 13.8 
enzyme Citric acid 
Mouse urine 0.3 548 896 0.2M. 7.0 4.5 
enzyme Citric acid 
It u 1.0 548 690 0.2M. 7.0 4.1 
Citric acid 
Ketodase 1.0 1,666 1,705 3,000 0.2M. 7.0 10 2 
Citric acid 
~ 
column was washed with "tva.ter. A sequence of elutions was examined; 
i.e., first, 0.2 M. phosphate buffer, pH 7.4, followed by 1.0 M. 
tris citrate buffer, pH 7.04, and then 1.0 M. acetate buffer, pH 4.5. 
Each elution produced about 10 per cent recovery of the initial 
activity applied to the column, but resulted in no puri£ication. 
About 70 per ce?t of the material could not be recovered. 
A second column was similarly prepared to which was added an 
active alkaline ammonium sulfate fraction with a specific activity 
of 20,000. Elution with 0.2 M. citric acid, pH 5.5, recovered about 
57.5 per cent of the original activity with a 20 fold decrease in 
purity. Further treatment with 0.2 M. citrate, pH 7.3, produced no 
further elution of activity. 
3. Qa3(P04 ~ gel as an adsorbent.--Inasmuch as this gel 
preparation has been used with some success by Sarker and Summer(lh.5) 
in their preparation of beef liver ~-g~ucuronidase, it was chosen for 
study. It had been found that our enzyme preparations could be 
dialyzed in the presence of 0.03% DNA quite safely without any loss in 
activity, "Which had been one of the limiting circumstances previously. 
Accordingly, all en~e preparations were dialyzed in this manner 
preparatory to adsorption. At the gel:protein ratios used, the DNA 
did not appear to adsorb, although the enzyme did. 
The experimental procedure involved addition of small amounts of 
gel to an aliquot of enzyme prepared from mouse urine. Each mixture 
was centrifuged, and the supernatant was removed, and to this was added 
a more concentrated solution of the gel so that a serial experiment was 
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run on one aliquot ~f enzyme w.L th an increasing amount of gel. The 
precipitates obtained of gel and adsorbed material were eluted in a 
series of 0.1 M. phosphate buffers of increasing pH. The eluates 
were assayed for en~e activity and protein concentration. 
Material adsorbed at Qca3(P04)2= 0.2, the smallest concentration 
of gel used, was eluted at pH 5.7, and yielded a product containing 
37.5 per cent of the original activity at a 4 fold increase in purity. 
Further work with this gel also produced encouraging results, but 
. it was found that the characteristics of a preparation of gel changed 
as it aged, and it was impossible to set up an experiment and adsorb 
and recover the activity in the same manner each time. Because of 
this lack of reproducibility, the step was dropped and not pursued 
since the small amounts of enzyme in the final stages precluded 
experiments designed to establish the proper conditions. 
Table 3 summarizes data obtained from experiments using these 
adsorbents. 
D. Zone Electrophoresis Studies with Polyurethane Foam Sponge. 
The method of zone electrophoresis as described by Davidson(37) 
was used. The supporting medium is polyurethane sponge, cut to fit 
a cell which was constructed of plexiglass sheeting, l mm. thick, to 
have the internal dimensions of 0.5 em. x 1.0 em. x 30 em. (Fig. 1). 
The sponges were 0.5 em. x 1.0 x 1.0 and contained 0.7 ml. liqu:i.d. 
From the ends of the trough, paper bridges (Whatman #3) extend to 
250 ml. beakers, which contain 200 ml. buffer and 20 ml.. 12% Nam. 
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Sample 
Mouse urine 
enzyme 
Mouse urine 
enzyme 
Mouse urine 
enzyme 
Mouse urine 
enzyme 
Mouse kidney 
enzyme 
Mouse ki-dney 
enzyme 
Ketodase 
Urine enzyme 
TABLE 3 DATA OBTAINED WITH CA3 (P04) 2 GEL AS ADSORBENT 
Qcas (P04)2 
Orig. Adsorbed Eluted Eluant Recovery 
Spec. Act. Spec .Act. Spec.Act. Buffer pH % 
0.2 10,700 40~000 0.1 M. 5.7 37.5 
phosphate 
0.2 20,000 10,400 0.1 M. 5.7 47 
phosphate 
0.2 1,370 2,500 0.1 M. 5.7 59 
phosphate 
0.2 2,570 10,000 ~.1 M. 5.7 100 
phosphate 
0.2 33,000 None adsorbed 
1.0 848 17,870 None 0.1 M. 5.7 0 
phosphate 
EXPERIMENTS IN WHICH IMPURITIES ADSORBED RATHER THAN ENZYME_ 
Su~ernatant pec.Act • 
0.2 103 . 2,240 . 35 
0.5 103 2,150 32 
1.0 103 2,550 32 
2.0 103 2,015 38.1 
2.0 1,370 4,450 84 
Purity 
Factor 
_,...._....., 
4 
-4 
2 
5. 
21,8 
20.8 
24.8 
19.5 
3 
~ 
-.1 
A 
B 
c 
:Figure I. Diagram of various cells used in electro-. 
phoresis experiments. B is the ndcro--m.odification 
used in the experiments discussed here. 
(:From H.:M. Davidson (37)). 
These are kept at constant level rather than adhering strictly to 
these volumes. Silver chloride electrodes, obtained from Perkin-
Elmer, are placed in these beakers, and connection made to a 
Heathkit Power Supply. The whole assembly was placed in a small 
refrigerator, where the temperature was kept at 7-8°0. The voltage 
was routinely set at 350 volts, and the current varied from 2-10 
milliamp. from experiment to experiment. During the course of an 
experiment, the amperage usually increased slightly. 
Most experiments were carried out in tris citrate buffer, pH 
7 .o4, ionic strength 0.05. Equally successful was 0.1 M. phosphate 
buffer, pH 7 .o, at the same ionic strength. Experiments were carried 
out overnight, with the time varying from 12 to 18 hours. The 
average length of migration of the peak was 1.5 to 2.5 em. 
In preparation for electrophoresis, the final products obtained 
in the salt fractionation, were dialyzed for short periods of time 
against the buffer to be used. This is sometimes accompanied by some 
loss of activity, so the length of time of dialysis was l,imi ted to 
no more than 8 hours. As a very small volume (1.0 ml. of enzyme 
solution) was used, dilution of salt was presumed to be adequate. 
The sponge 5 em. from the end of the trough connected to the anode 
was removed from the equilibrated trough, 11 squeezed dryn of its 
buffer and filled with the protein solution to be studied. This was 
accomplished by compressing it with a blunt stirring rod until all the 
air bubbles were dissipated. The sponge now was presumably saturated 
with enzyme solution. The fluid remaining in the tube was assayed 
to define the activity of the test solution. 
To equilibrate the system, the clean wet sponges were boiled 
several times in about 50 ml. of the buffer solution to be used, and 
then arranged in the trough in position, with the bridges in place 
and equilibrated in the refrigerator for several hours with respect 
to temperature. ·It was then that the protein aliquot was added 
innnediately before the current was applied. 
The technique of elution of the enzyme from the sponges at the 
end of the experiment, consisted only of expressing the fluid into 
a sui table receiving test tube. There was no eviden~e that the 
protein was adhering to the sponges, judging from an experiment in 
which all of the original activity was recovered in the eluates. In 
the cases where there was considerable loss of activity, this was 
not accompanied by a loss in protein. 
The expression of the eluate from the sponges was done in a 
hypodermic syringe although this did not completely empty the sponge. 
When this method 1-ms used, in spite of the fact that all of the 
material could not be recovered, it was possible to obtain consistent 
results. Thus, recoveries of activity and protein were calculated 
on the basis that each sponge contained o. 7 ml. liquid which had been 
ascertained by weighing them wet and dry. 
Another method was later found to be useful. A small Lusteroid 
test tube was selected of a size that permitted it to be suspended 
by its rolled lip into a conicaL glass centrifuge tube.. A small pin-
hole had previously been put in the bottom of the plastic tube with a 
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hot needle. When these 2 tubes were centrifuged together with the 
Lusteroid tube containing the sponge to be eluted, the liquid passed 
down into the glass tube. In this way, 98 to 100 per cent of the 
activity applied to the sponge system was recovered. 
Remarks concerning sponge electrophoresis.--This method was 
used with enzyme preparations which had already been purified by the 
salt fractionation method. Most experiments were carried out at 
pH 1.0 or close to it, at which point the enzyme acts as a cation 
and migrates to the cathode. An experiment was run on the other 
side of the isoelectric point (which is estimated to be about pH 
5.5) at pH 4.o, at which condition the enzyme was completely 
inactivated and no activity was recovered. 
In addition to the tris citrate buffer, some experiments have 
been performed with phosphate buffer at the same pH and ionic strength. 
In cases where an enzyme preparation had show.n considerable loss of 
activity during dialysis prior to electrophoresis, another aliquot 
was dialyzed in the presence of 0.1 M. glycine and the buffer of 
electrophoresis n01-1 was fortified with glycine. The advantage gained 
in previous work by dialyzing in the presence of DNA could not be 
exploited in these experiments, as the presence of another long-chain 
polymeric molecule would undoubtedly interfere with the mobility o£ 
the enzyme protein in an electric field. 
The amounts o£ protein contained in the eluate fraction is of 
the order o£ micrograms. The quantitative determination o£ protein 
in the eluates of the sponges constituted the biggest technical 
problem in these experiments. In the Lowr,r method for protein, tris 
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(hydroxy methyl amino methane) interfered in a non-linear fashion. 
This interference was overcome by employing suitable blanks. More-
over, by the expedient of pooling the sponge eluates which contained 
little or no enzyme activity, and determining the protein concentra-
tion in the pool, it was possible to obtain indirect data with which 
to check determinations on the eluates which were rich in en~e but 
very low in protein. 
The results are summarized in Figure 2 and Table 4. 
E. Column Ion Exchange Chromatography Techniques. 
1. Diethyl amino ethyl cellulose.-- This resin "t-:ras obtained 
from Dr. Astwood•s laboratory and was prepared for use in a column 
according to the-method of Peterson and Sober(l53). The material 
was sieved through 200-400 mesh, and the smaller particles were used. 
The powder was washed alternately on a coarse sintered glass funnel 
under negative pressure with 1 N NaOH and 1 N HC1. Washes with acid 
and base numbered 12 each, ending with base. The cellulose was then 
suspended in water in a tall glass cylinder and allowed to settle. 
This removed the very fine suspended material which was discarded 
with the supernatant.. This process is repeated 4 or 5 times, or 
until the fine material is removed. The product was filtered again 
and then stored in the wet state. 
Before preparing a column, it was desirable to stuqy the 
characteristics of this resin in advance. Accordingly, a spatula-
tip of the material was put into a test tube and washed with 0.05 M. 
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Figure 2. Distribution pattern following "sponge" 
electrophoresis. with urine enzyme preparation, 
using 0.1 M. sodium phosphate buffer containing 
0.1 M. glycine at pH 7.1. Total time o£ 15.5 hr. 
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.J.,D..D.&.:I.I!l_ -..... 
Exp. Enzy:nre 
No.· Buffer Pr.eparation 
·~ 
Ketodas:e 
l. Tris Part. Pur. 
Foll. urine 
2. Tris enz. , pur if. 
Foll. , ki.dney 
3. Tris ·enz. 1 purif. 
Tris Repeat ,Exp. 3 
T.P. urine 
4. Tris Enz. 3 purif. 
Kidney enz. 1 
5. Tris norm.al 
Liver enz., 
6. Tris Chromatographed 
Normal liver 
7. Tris enz. ~ pur if • 
Tris Repeat Exp·. 7 
'l'P urine enz. 
8. Tris purified 
9. Tris TP urine enz.. 
~v~nvrav~~P ~~~ 
Specific activity 
(units/mg. prot.) Purity 
Orig. Final Factor 
1,470 3,080 a 
22,100 94,200 4 
1,6.90 2,580 1.5 
4,570. 6,700 1.5 
12~100 28,000 2 
9.62 95.5. 0 
5,000 13,900 3x 
2,780 3t200 1.2 
2,3.20 2,730 1.3 
2,040 1,395 
-1.4 
14,650 13,100 -1.1 
* Migration 
(Cnt./hr.) 
3 ~5/13 
3.5/13 
1.5/.4 
+ Zero 
6/17.5. 
2 em. 
1/16.5 
+ Zero. 
0. 5/.5 
0/12 
-1/16 
Enzym..e 
Recovery 
% 
100 
8.5 .• 5 
100 
80 
55 
57 
75 
65 
92 
75 
75 
-.J 
+:-
TABLE 4 '(CONT.) ELECTROPHORESIS DATA 
Specific activity 
Purity* Exp. Enzyme (uni ts/mg .. prot.) Migration 
No. Buffer Pre])aration Orig. .Final Factor (Cin./hr.) 
Urine enz. 
0/17+ 10. Tris purified 21190 2_,900 1.8 
11. Tris Ketodase 2,340 1,050 -2.3 2/17 
12. Phosphate Urine enz. 58,200 76,000 1.3- -2/17 
13. Tris Repeat Exp. 12 36,400 19,100 -1.9 4/17 
Phosphate 
14. & glycine Urine enz. 43,300 621000 1.4 1/15.5 
Phosphate 
15. & glycine Ketodase 2,4:90 261500 10.5 1/5.5 
* Purity .factor :::: number o:f degrees of purification achieved, minus sign indicates 
decrease :in: 1puri ty 
+ Movement o:f impurities explains purification. 
Enzyme 
Recovery 
% 
73 
32 
65 
62 
100 
77 
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phosphate buffer, pH 7 .2. To the drained cellulose, 1.0 ml. of 
11Ketodase11 (previously dialyzed against the same buffer) was added. 
After 20 minutes at room temperature, the cellulose was centrifUged 
and then eluted with 0.1 M. phosphate buffer, pH 5.0. The results 
appear in Table 5. 
A column was prepared.from 1.0 em. glass tubing constricted to 
a capillary tip. It was plugged loosely with glass wool, and a 3 
em. column of resin put in. This was allowed to settle by gravity 
only. The column was washed with phosphate buffer, Na ionic strength 
~ 0.15, at pH 7.2. It was designed to maintain constant pressure on 
the column and a constant volume in the mixing flask, through which 
washes and eluants were added (Fig. 3). 
The first column experiment was carried out with 11Ketodase". 
constant 
It was the plan to maintain cationic strength I\ during elution by 
means of a solution undergoing a decreasing pH gradient. The 
"Ketodase11 was prepared by dialyzing it against 0.1 M. sodium phos-
phate buffer, at pH 7 .2. The dialyzed enzyme was poured onto the 
column, washed through vdth a little buffer, and then 1.0 M. H3~ 
in 0.15 M. NaCl was added to the mixing chamber. Under these 
condi tiona the ~-glucuronidase did not adsorb, but came through in a 
slightly more pure condition as a result of the preferential adsorption 
of some of the impurities. Effluent was collected in tubes arranged 
in a Beckman-time fraction collector. The data are presented in 
Table 6. 
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TABLE 5 
PRELIMINARY EVALUATION OF DEAE RESIN WITR KETODASE 
Act/ Mg. Spec. 
ml. Prot/Ml. Act. 
Dialyzed Ketodase 4000 1.6 2500 
Supernatant 3040 1~'2 2490 
Eluate 1108 0.3 3680 
- -
Addition 
Reservoir 
Collection Tube 
in Fraction 
Collector 
Figure 3. Diagram. of chromatographic comumn 
containing ion exchange resin. (DE.AE or C.MC) -~ 
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TABLE 6 
PRELIMINARY EVALUATION OF DEAE RESIN WITH KETODAaE ON COLUMN 
Units Spec. 
13-Gluc ./ml. Act. 
Original 4080 1700 
Tube 1 695 1895 
Tube 2 3440 1810 
Tube 3 4250 1770 
Tube 4 2960 2462 
Tube 5 232 2190 
Tube 6 and beyond 0 
2. Carboxymethyl Cellulose (CMC)~-- This resin, also a gift 
from Dr. Astwood 1s laboratory where it had been s.y.nthesized, had a 
degree of substitution of 0.55 meq./gm. It was washed and equili-
brated with 0.02 M. N~HP04 , pH = 5.3. Five gm. of the resin were 
introduced into a glass tube (diameter 1.1 em.). The final length 
of this column was 4.0 em. Fractionation o~ dialyzed Ketodase on 
such a column, and elution l-T.i.. th a saJ. t gradient is presented in 
Figure 4. 
A number of experiments have 'been carried out with enzyme solutions 
secured at several steps of the purification procedure. A purified 
preparation of liver enzyme was apparently inactivated on the column when 
it was added at pH 4.1 and subsequently eluted with a salt gradient. No 
activity was recovered, but all the protein was present in the eluate. 
J;n the next experiment, a salt gradient was followed by a pH 
gradient wi. th supernatant preparations of buffered tissue homogenates. 
An experiment in which these proposed steps have been evaluated 
(Table 7). Forty gm~. of mouse liver tissue (previously refrigerated) 
was homogenized in acetate buffer and incubated overnight at 37°. In 
the morning the extract "tvas separated from the pulp and divided in 
half to be processed as follows: 
(1) The first portion was dialyzed overnight against 3 changes 
of 0.02 M. NaH2Po4 solution in the cold.. Fifty ml. of the 
dialyzed solution was placed on a ill1C column whose dimensions 
were 6.5 x 2.0 emo This was washed through with more of the 
original buffer and then.the salt gradient was initiated by the 
eo. 
100 
-- -·--·-01!19.!. LJ~~~.:.·---
o - SPECIFIC ACTIVITY 
X- ENZYME ACTIVITY 
QU I~ I I I ~"~X)$;)~ 
0 16 20 24 28 32 
TUBE NO . 
. --------------------- ·------------------
Figure 4.. Ion exchange chromatography on carboxy methyl cellulose resin 
of dialyzed Ketodase in phosphate buffer.. Eluted with a salt gradient, pH 4. 5. 
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TABLE 7 
r 
SUMMARY OF LIVER ENZYME PURIFICATION 
0 r i g i n a 1 
Total Specific Total 
Activity Activity Activity 
1. CMC Fractionation 211500 362 
2 active fractions 
#36 3,860 
#37 10,800 
2. Fraction #36 subjected 
to electrophoresis 630 5,000 194 
3. Fraction #37 rechromato-
graphed 3,485 580 540 
4. Rema.inder of orig. extract 
purified by salt and 
solvent fractionation 31,600 300 15,000 
Electrophoresis of 
this final prod. 1,420 2,780 448 
F i n a 1 
Specific 
. Activity 
1,080 
572 
13,900 
2,660 
2,500 
3,200 
Purity~~ 
Factor 
3 
1.5 
2.8 
4.6 
8 
1.1 
Recov . 
18 
50 
37 
15 
50 
31 
co 
1\) 
addition o£ 0.1 M. NaH2Po4 to the 100 ml. :mixing reservoir. 
A total o£ 200 ml. was added. This was followed by a 
similar gradual addition o£ 0.1 M. Na2HP04 solution to 
create a pH gradient. The ef£1uent was collected in 5-15 
ml. volumes on a time-counter £raction collector. Volumes 
o£ each aliquot were measured and then determinations were 
made of the pH, the protein based on absorption at 280_~ 
in the Beckman DV spectrophotometer, enzyme assay and 
inorganic phosphatee 
From this column two noteworthy fractions were obtained, 
both representing a purity 3 times that of the original. 
One (#37) was dialyzed overnight against the original 0.01 M. 
NaH2Po4 buffer to prepare it for a second column absorption 
experiment. As seen from Table 7, the purity increased 5 
times that o£ the original with a resultant recovery o£ 15 
per cent of the activity. The other £raction (#36) contained 
17.9 per cent o£ the original activity. It was precipitated 
with 2 volumes of saturated ammonium sulfate and then dissolved 
in a smaller volume of water. To prepare the enzyme £or an 
electrophoretic separation, it was first dialyzed overnight 
against 2 changes of tris citrate buffer, o.o5 ~' pH 7.4. 
The resultant dialyzed product represented about a 2.8 fold 
increase in purity, although the ammonium sulfate precipita-
tion to obtain the starting material, had increased the purity 
by a £actor of 4.5 times. Obviously, a grave loss in activity 
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occurred during the dialysis. 
The remainder of this original liver extract was worked 
up by solvent and salt fractionation methods which have been 
described earlier. The final product obtained in this 
procedure was also subjected to electrophoresis (Fig. 5) 
under similar conditions. The results are included in 
Table 7 which summarizes the data from this entire 
fractionation. 
F. Comparison of Methods for the Determination o£ Protein. 
There is a real problem of securing accuracy in the determination 
of protein, especially when the amount present is only a fe1-1 micro-
grams, which includes contaminant proteins in addition to enzyme. 
Accordingly, this has prompted investigation and comparison of 
methods for measuring micro amounts of protein. It can be stated 
in advance that no single method o£.protein determination can be 
safely employed for all purposes but that based on the laboratory 
experience, a judicious selection can be made of the technique 
which can be expected to give the most reliable results with a 
given preparation. 
1. Micro-Kjeldahl-N.-- The standard procedure £or assaying 
protein in homogenates, as used in the first step of enzyme 
purification was the standard micro-Kjeldahl procedureC77). Since 
proteins contain 16 per cent N on the average, the N value is 
multiplied by 6.25 to approximate protein in milligrams. This was 
84 
200 
_jf50 
~ 
......... 
>-
r 
>100 
I-
(.) 
<( 
~50 
:z 
::::> 
-13,900 S.A. 
e-LIVER 
ENZYME 
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CENTIMETERS 
Figure 5.. . Sponge electrophoresis of an ion-exchange 
chrom:atographed preparation of liver enzym:e. Tris-
citrate buffer, pH 7.4, ionic strength 0.05. Orig-
inal Specific activity, 5,000. 
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the only method used to determine protein in the homogenate. A 
standard curve in included in the Appendix, Fig. A5. 
Low;y method.--With regard to solutions of purified enzyme, 
the Lowry method<120)was used routinely. Two situations presented 
difficulty. In one, ammonium sulfate which was present in Solutions 
II and III, reduced the vaJ.ue and in the other, tris citrate buffer 
(electrophoresis experiments) produced high, non-linear blank. 
Dialysis was not always practicable because of small amounts of 
protein and solution (1-3 ml.) involved and the loss of enzyme 
activity in dilute solution and during dialysis, the technique of 
dialysis was investigated to attempt to circumvent these difficulties. 
Thus, a graduated 15 nll. conical centrifuge tube containing the 
solution to be dialyzed was fitted with a square-cut from large size 
dialysis tubing and fastened by a rubber band. This expedient 
technique simplified the reading of initial and final volumes. It 
obviated the dilution which ordinarily follows the rinsing out of a 
narrow tubing necessary to recover the sample at the end of dialysis. 
The instability of the enzyme on dialysis (which can amount to 
total inactivation on exhaustive dialysis of several days) is the 
most important factor which has led to a search for a micro-protein 
assay method, which would not suffer from interference by substances 
contaminating the purified enzyme preparations. 
The Lowry method is sensitive in the range from 5 to 100 meg. of 
protein. The interference from tris has been eliminated through the 
use of appropriate blanks, since it is.not proportional to the 
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concentration of bui'.fer. It should be realized that the different 
proteins give var.ying intensities of color, a factor which is 
obviously dependent on the number of reacting tyrosine residues in 
the molecule. Standard curves .for two crystaJ.line proteins, bovine 
serum aJ.bumin (BSA) and chymotrypsin, are inc~uded in the Appendix 
Fig. A5. All values reported in the experimental. sections are based 
on the curve prepared with bovine serum albumin. 
3. Dye-protein complex methods.--The method of Kingsley and 
Getche~(94)has been examined. The reagent is the dye, tetrabrom-
phenolphthalein ethyl ester (TBPEE) which .forms a color complex 
with proteins under certain conditions of pH and temperature. The 
method is an extremely sensitive one, responding to amounts as low 
as several gamma or meg. of protein. In .fact, it is the extreme 
sensitivity of the method which is its greatest shortcoming, as 1dll 
be evident from the fo~owing: The temperature and pH are very critical 
and the standard curve obtained does not fall on a straight ~ine, but 
a slightly s-shaped curve (Appendix, Fig. A6). The commercial 
preparation 1'Versatol1t, which is::an artificial. serum, was used as the 
standard on which most of the investigations of the method itself 
were made, as this is the standard recommended by the authors. 
However, it was found that different proteins do not give the same 
intensity of color. .For this reason, crystalline chymotrypsin and 
bovine serum albumin were used routinely as protein standards derived 
in this study. The effect of some substances expected to interfere 
with the method was investigated. As a result, it was found that 
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glycine stabilized the oolored dye-protein complex. The concentration 
of glycine did not appear to affect the reading in the range encountered 
experimentally. A standard curve is included in· which a comparison is 
made between "Versatol11 and chymotrypsin with and without glycine. 
With regard to ammonium suJ..fate interference it was found that 
this method had the same sensitivity as did the Lowry method, so from 
this point of vie"Vr it offered no advantage. The interfering concentra-
tion was found to be 0.15 per cent. 
Another method examined was that of Nayyar and Glick(l3l)in which 
the dye, bromsuJ..fal.ein, which also forms a color complex with protein 
was the reagent. When the protein concentration is high, the complex 
forms a precipitate which can be centrifuged, and the color of 
unreacted dye remaining in the supernatant is measured. In the micro-
modification, employed here,the complex is insufficient to form a 
precipitate which can be sedimented and the suspended material can be 
measured readily in a photometer. The original. micro-method was 
developed for use in a special. photometric apparatus developed by 
Glick designed for microliter quantities of test material. An attempt 
was made to adapt this procedure to the usual. range of micro-methods 
b,y employing 10 times the quantities of reagents described without 
success. Probably, the tube diameter or the distance of the light 
path is an important factor, in addition to the dye concentration; 
but in several. triaJ.s to vary these, conditions were not found which 
permitted a standard curve to be constructed in the desired range. 
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4. Trichloroacetic acid turbidimetry.--Precipitation of protein 
by trichloroacetic acid and measurement of the turbidity for.med(~03) 
within a fixed time interval is a method of approximating protein in 
fair~y concentrated so~utions. The method is v~d only between 0.3-
1.0 mg. protein per tube. This is a very convenient method for 
following protein concentration in the course of purification, but 
is entirely inapplicable for fine measurements, becuase of its ~ack 
of sensitivity and the micro-quanti ties of protein encountered in 
these experiments. This was used routine~y as a measure for urine 
protein concentration. A standard curve is shown in Fig. A7, Appendix. 
5. U. V. absorption measurements. --Measurement of absorption at 
280 m~ in the Beckman DU spectrophotometer is considered to be a 
measure of tyrosine residues in aqueous so~utions of protein(41). 
This is a very convenient method, as it requires only a spectra-
photometer. Moreover, the enzyme solution is rec~aimed with no loss 
after the reading is taken. This method has been most useful in 
following the localization of protein material in e~uate fractions 
prepared from column chromatography. 
6. Standardization of crystalline bovine serum albumin and 
Chymotrypsin.--The standardization of the various methods involved 
the use of chymotrypsin and bovine serum albumin, both of which have 
been emp~oyed as protein standards. Stock so~utions were stable in 
the cold for several months. 1.0 ml. aliquots of solution of bovine 
serum albumin and chymotrypsin containing 1 mg./ml. were digested 
with concentrated sulfuric acid and H2~(Superoxol). Digestion 
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mixture was made to 25 ml. with water, and 5 ml. aliquots were 
Nesslerized. Duplicate assays were done. Data in included in the 
Appendix, Table A4. 
As may be seen, the factor of 6.25 for computing protein from 
Nessler-N when used in these determinations gives results which come 
close to the expected 1000 y/ml. 
G. Properties of Urine,. Kidney and Liver f3-glucuronidase. 
A comparison of certain properties of the enzyme from these three 
sources was carried out by means of studies employing classicaJ. 
kinetic measurements. This investigation was prompted by the 
desirability of establishing the source of u.rinary J3-glucuronidase. 
Although it seemed most probable that the kidney produced urinary 
J3-glucuronidase, there was still the possibility that the enzyme was 
produced by liver and was merely concentrated in the kidney in a 
non-specific manner. The techniques of enzyme kinetics provide 
sensitive and reproducible indices of an enzyme, which can then be 
the basis of comparison of enzymes isolated from different sources. 
This comparison is made from results of experiments in which the 
assay conditions are varied, and the velocity or rate of enzyme 
reaction is determined. J3-glu~uronidase-rich fractions from urine, 
kidney and 11 ver prepared from the same group of 20 mice were the 
source material. The velocity of reaction was studied as a function 
of pH, temperature, and substrate concentration, as follows: 
1. Procedure.--Experiments designed to study' the effect of 
hydrogen-ion concentration were carried out in 0.05 M. citrate-
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phosphate buffer, over a pH range of 3.1-7.6, determinations being 
made at intervals of 0.2-0.4 units. The enzyme dilutions were made 
in the presence of 0.02% bovine serum albumin, as dilute solutions 
of the purified enzyme are otherwise not stable. Assay tubes were 
incubated for two hours in the water bath at 38°. The data obtained 
are shown in Fig. 6. 
2. Temperature.--The reaction velocity was measured under 
appropriate conditions for ·controlling temperature, such as ice 
baths, cold water in vacuum containers, or in beakers with the 
temperature maintained with a bunsen burner. Incubation at the 
lower temperatures required 2 to 4 hours, but only 15 minutes was 
necessary at higher temperatures. Enzyme dilutions were made in the 
presence of 0.02% bovine serum albumin, and in such a way that dilute 
solutions of each enzyme preparation contained similar amounts of 
activity per ml. 
Tvro sets of data are presented. The first and more comprehensive 
series was performed (Fig. 7) by adding the enzyme to the buffered 
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assay tube, adjusting its temperature to the desired point, and then 
initiating the reaction by the addition of substrate. It is recognized 
that pre-incubation of the enzyme at some of the higher temperatures 
could very likely cause some loss due to heat inactivation. Accordingly, 
the top part of the temperature curve was repeated (Fig. 8) under the 
following conditions. The substrate was added to the assay tube, 
brought to temperature, and the reaction started by the addition of 
enzyme. Data in Table 8 are expressed as Q20 , or temperature quotient, 
1400Qr---------------------------
* URINE ENZ 
.A KIDNEY " 
• LIVER II 
Cf) 
1--
z 6000 
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5 6 7 8 pH 
Figure 6. Effect of pH on B-glucuronidase activity. 
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'Figur~ 7. Effect of temperature on a-glucuronidase 
activity. Variations in data are indicated by bars 
for each point. Assay conditions such that enzYJne in 
buffer is brought to desired temperature and the Te-
action initiated by the addition. o:f substrate. 
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Figure 8. Effect of temperature on a-glucuronidase 
activity. Assay conditions such that reaction was 
initiated by addition of enzyme, in this temperature 
range. 
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over the range intervals of 20° to 40°. 
3. Substrate concentration: Determination of the Michaelis 
constant,·Km.--These studies were carried out at six concentrations 
of substrate, varying from 0.005 to 0.00001 M. at 38°. Fifteen 
minutes was the period of incubation. Dilutions in 0.02% buffered 
bovine serum albumin were made of the three preparations (urine, 
kidney and liver) so that the activity per ml. in the final solution 
was the same for all three. The data were plotted as the double 
reciprocal, 1/v vs. 1/S, where v = the measured velocity expressed 
as meg. phenolphthalein/ml./hr. and S = the substrate concentration 
in moles/liter according to the method of Lineweaver and Burk(ll4). 
By this graphical means one can approximate the constants V, or 
ma.:x::imum velocity, and Km or Michaelis constant. The latter represents 
the value of the enzyme-substrate dissociation constant expressed in 
molar concentration. The derivation of Km is formulated as follows: 
·En= Enzyme 
S = Substrate 
EnS = Enzyme Substrate Complex 
A practical definition of Km is the value of the substrate 
concentration found at half maximum velocity. From the graph, the slope 
of the straight line equals 1/V, and the intercept, Km/V. Both V and 
Km have been determined for the three enzyme preparations (Fig. 9), and 
the values are included in Table 8 which summarizes the kinetic data. 
.-
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Figure 9. Graphic estimation of Michaelis constant 
(Km) for purified a-glucuronidase preparations. The 
reciprocal of velocity (i/v) is plotted versus the 
reciprocal of the substrate concentration (1/S). 
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TABLE 8 TABULATION OF DATA ON ENZYME CHARACTERIZATION 
PROPERTIES SOURCE 0 F E NZYME 
Urine Kidney Liver 
pecific Activity 
(Uni ts/mgm. prot.) 60,600 18,250 6,100 
• Max • 286 323 300 
(Michaelis Const .. ) -5 -5 4 .. 7 X: 10-6 Ill 5 .• 8 X 10 8.1 X 10 
.ange of pH opt .. 5.0-5 .. 3 5.0-5.3 5.2-5.6 
20 (20-40°C) 1 •. 5 1 .. 7 1.7 
H. Discussion., 
A method for obtaining relatively pure preparations of enzyme from 
urine, kidney and liver has been developed, suitable for the small 
amounts of test material available, and adaptable to the sensitivities 
of enzyme found under these conditions. The enzyme activity is labile 
under conditions of dialysis, during ammonium sulfate fractionation 
at st~ges early in the course of purification, and in the presence 
of organic solvents late in the purification procedure. The enzyme 
is relatively heat insensitive, judging from the ability of pure 
preparations to retain activity at room temperature and even during 
incubation at 37°(Solution IV). 
Modern methods of protein purification such as adsorption, 
particul.arly on ion exchange resins, are not advantageous over salt 
fractionation. The electrophoretic method, although at times 
unexplainably erratic, has been very helpful. in obtaining highly 
purified preparations in a few instances. The use of polyurethane 
sponges has been a very appropriate technique for dealing with the 
small amounts of protein 'Which are available, because of the remarkable 
ease of their recovery in an uncontaminated state from this supporting 
medium. 
In the kinetic characterization of the purified e~e fractions 
of liver, kidney and urine, there are no marked differences observable. 
The pH optimum of the liver enzyme is displaced slightly towards the 
alkaline side from that of the kidney and urine, and the Michaelis 
constant is smaller in the case of liver than in the other two enzyme 
preparations. Liver ~-glucuronidase was more resistant to the 
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purification procedure which was quite successful with kidney and 
urine. In short, a difference in properties which would distinguish 
one tissue enzyme from the other was not observed. 
Although the values in Table 1 for the degree of purification 
appear to be quite scattered, they do fall into general groups,seen 
in the average vaJ.ues. The condition of the source, especia,J.4r 
kidney or liver, affects the degree of' purification; the best results 
are obtained on very fresh and enzyme-rich tissue. That which has 
been refrigerated any length of time or frozen, invariably yields a 
poor product. A 11 cleann urine sample provides better enzyme fractions 
than does one which is contaminated with dietary protein and fat. 
Also, the results are much better when the procedure is completed 
without interruption. 
GenerallY, the degree of purification achieved in each step is 
approximately the same in different enzyme preparations. Factors, other 
than those already mentioned which cause it to vary are generally 
temperature, and small changes in salt concentration. 
The degree of purification achieved is slightly higher for 
testosterone treated urine than for kidney samples from the same 
mice and the purest enzyme fractions more frequently obtained from 
urine, as was hoped for initially. Most of the successful electro-
phoresis experiments were carried out on purified urine fractions. 
Enzyme preparations from liver and control kidney tissues were much 
lmver in their final specific activity, by a'f'actor of' 20. This is 
similar to the condition reported by Ber.nfeld, Fishman and Nisselbaum(lB) 
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in their purification of ~-glucuronidase from liver and spleen of 
calf. Regardless of efforts made to improve it, the apecific 
activity of spleen enzyme remained at 7000, while that from liver 
was prepared as high as 95,000 in the purest preparations. The 
richness of the source material is a dominant factor in the purifica-
tion of ~-glucuronidase. 
Inasmuch as the best urine fractions possess specific activities 
of the same order .. as the best calf liver and since ele:ctrophoresis 
indicates that the best fractions contain one major component, it 
is assumed that the final products from urine and kidney represent 
highly purified ~-glucuronidase. 
The critical analysis of protein determination methods places 
confidence in the expressions of degree of purity. This has been 
a major problem, as it is in any investigation involving measurement 
of protein concentration under a variety of conditions. No one method 
is applicable to all situations, but it is concluded that the group 
of methods which have been chosen for use, are reliable, after having 
defined their limits and standardized them with respect to each other. 
The problem of dialysis has received considerable attention, as 
it is a necessar.r step in every procedure that has been studied here. 
In purified preparations, dialyzing in the presence of DNA appears to 
stabilize the activity, but it then is a conta.mi nant. It has been 
necessary to circumvent dialysis if possible, and if not, to find the 
best compromise in terms of short-time dialysis, or accepting loss of 
activity if longer dialysis proved necessary. 
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I. S'UIIIIIlary 
A method has been developed for the purification of ~-glucuronidase 
from urine, kidney and liver of A/Jax mice, adapted to amountsof 
around 10 gm. of tissue containing a maximum of 100 meg. of enzyme 
protein. It has been found to be reproducible, convenient and 
predictable. Exhaustive attempts to improve its performance bw 
introducing new steps have been made. The final products have been 
characterized in terms of specific activity and on occasion for the 
presence of components which move in solution during electrophoresis. 
Moreover, measurements have been made of the enz.yme kinetics relating 
to pH, temperature, substrate concentration and temperature. The 
properties of the preparations are essentially uniform. Much 
attention has been given to the problem of measuring protein not only 
at dif'ferent stages of the purification, but particularly in order 
to characterize the final product. It is concluded that the teclmiques 
for en~e purification are adequate for the purpose of the investiga-
tion. 
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III. EXPER.IMENTS ON PROTEIN ttLABELLINGtt 
A. Introduction. 
Incorporation studies were undertaken in an effort to detect 
any differences in the labelling of proteins, particularly ~-glucuroni­
dase, when both test and control mice were injected with cl4 carboxyl 
labelled glycine in tracer · amounts. Very briefly, the general 
experimental procedure has been to stimulate the mice with gonado-
tropin, or androgen. At the desired point in re.sponse to the hormone, 
which was evaluated in advance by assaying the urine for ~-glucuroni-
dase activity, the radioisotope was administered in tracer amounts, 
intraperitoneally, and the mice killed at appropriate time intervals 
afterwards. The information -sought from the tissues of these mice 
at autopsy was the relative incorporation of the isotope label into 
the specific enz.y.me protein to that in total tisSue proteins. For 
control purposes, since these were ~ ~ experiments, liver 
~-glucuronidase served as a specific protein to be examined in both 
test and control groups. This choice was based on the previous 
demonstration that testosterone or gonadotropin do not alter liver 
~-glucuronidase activity. 
The question as to whether or not this activity is a reflection 
of the s.ynthesis of new ~-glucuronidase molecules may be approached 
more directly with the aid of protein-labelling techniques. 
To recapitulate, there is, at hand, a reproducible biological 
phenomenon. The response can be quantitated in terms of units of 
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enzyme activity with a standard deviation of 10 to 20 per cent(54). 
The enzyme assay itself is accurate to within 2 per cent. This 
biochemic~ expressed response contrasts with a morphological 
effect in which a 100 per cent change is usually a requirement 
before the effect is considered significant. The response which is 
designated as maximum, or fully stimulated, is routinely obtained 
from the mice by administration of testosterone propionate (l mg./day) 
. for l4 days; the convenience of the appearance of the enzyme in the 
urine paralleling its response in the kidney is a fortunate circumstance 
which allows measurement of the response during this interval without 
sacrificing the animal. The purification procedures have been described 
and evaluated (Section n) and are believed .to be adequate for carrying 
out the experiments planned here. 
The remaining prerequisite before proceeding to the labelling 
exp~riments is a lmowledge of the appropriate conditions. The first 
experiments in this section are concerned with outlining the cond.i tiona 
for labelling experiments. The desired limits are on one hand, 
maintaining sufficient·radioactivity to be counted at the end of the 
experiment, and on the other hand, not exceeding the ntracertr dose 
with respect to the metabolic glycine pool of the mouse. Thus, with 
regard to the cl4 labelled amino acid, glycine-l-cl4 has been selected 
for all these experiments inasmuch as it is the one employed most 
frequently in the field of protein labelling. In this instance, the 
glycine pool of the mouse has been estimated to be in the neighborhood 
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of 5 mg. Thus, it was decided to administer 0.05 mg. glycine-l-
cl4 per mouse. 
B. Materials and methods. 
Experimental animals: A/Ja:x. male mice, intact, 3 months old. 
Glycine-l-cl4 obtained from Nel'r England .Nuclear, Boston, Mass . 
2,.05 mc/mM. 
Stock solution in boiled distilled water, 100 mc./ml., 
kept frozen. Working solutions diluted to contain 20 
mc./rnl.; also kept frozen. 
Testosterone propionate. Neo-Hombreol (Organon) diluted in 
peanut oil, to contain 20 mg./ml. Injections of 0.1 rnl. 
subcutaneously every two days, containing 2 mg. 
Chorionic gonadotropin, Follutein (Squibb). Diluted in sterile 
aqueous diluent to contain 100 I.U./ml. Injections usually, 
of 10 I.U~/day, unless otherwise stated. 
Procedure for measuring radioactivity: Plating procedure: 
Homogenate samples, or urine samples (volume l to 2 rnl.) are 
precipitated with 0. 75 ml. of 30% trichloroacetic acid, and 
allowed to stand for an hour. The precipitated protein is 
centrifuged and redissolved in dilute NaOH. The solution is 
allowed to stand for half an hour. The protein is reprecipi tated 
with 0.5 ml. 10% TCA, and again aJ.J.owed to stand for an hour. 
Resolution with NaOH and reprecipitation with TCA is carried 
out twice more. The final precipitate is washed once with water 
and then dehydrated in a series of organic solvents. Thus, the 
precipitate is treated twice with 5 to 7 ml. of each solvent 
for a period of 8 hours or more in the following order. 
1. Acetone 
2. Mixture of acetone: ether: chlorofor.m, (2:2:1) 
3. Benzene 
The best results are obtained if the precipitate remains in the 
last volume of benzene overnight. The precipitated, dehydrated 
protein is novr plated from the benzene as a slurry. With a 
capillary pipette, it is transferred to a weighed aluminum 
planchet whose area is 3.1 cm. 2 • After evaporation of the 
benzene at room temperature, the planchet is dried in an oven 
at 90° for not more than an hour. The weight is measured to 
determine the sample weight. 
Aqueous solutions of purified enzyme are plated in a different 
manner. Because of the extremely small amounts of protein 
104 
involved, which would be impossible to process in the same way, 
the solutions are dialyzed, protein determined on an aliquot 
of the solution, and a given volume (usually 1.0 ml.) plated. 
This is dried under a lamp, or in a stream of warm air. The 
calculation of CPM/mg. protein is based on the analytical 
determination of protein,not on the sample weight as it is 
in the precipitated protein samples. 
Measurement of radioactivity is performed in an end-window, 
flow counter, under Geiger-Muller counting conditions. Correction 
is made for background and self-absorption, as mg./cm.2. The 
self-absorption curve was prepared from radioactive plasma 
proteins by E. H. Frieden. 
The results are expressed as counts per minute per milligram 
protein (CPM/mg.prot.). ·The counts per minute are, as indicated, 
corrected for background and self~absorption, based on the 
sample weight. 
c. Experimental Data. 
1. Design of appropriate experimental conditions.--Before 
initiating experiments involving hormonal stimulation, it was necessary 
to obtain some fundamental facts such as the length of time the mouse 
tissues were labelled sufficiently with a given quantity of isotope so 
that radioactivity of the proteins and especially purified ~-glucuroni-
dase was measurable. Four mice were injected intraperitoneally with 
2 pc. of labelled glycine in Ool ml. solution. At each of these 
intervals following, 1.5, 6, ll and 24.3 hours, one mouse was killed 
and tissue samples taken for plating and counting. Specific radio-
activity was calculated as per cent of the serum CPM for each mouse, 
to minimize differences in dose administered since the volume of 
injected glycine was such a small one, and only one animal was taken 
for each point. 
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The results (Fig. 10) show that the visceral proteins take up 
label rapidly, with respect to the serum levels, and decline in 
about 12 hours. Muscle, on the other hand, incorporates label very 
slowly. 
A prolonged experiment was next carried out to establish the 
rate of decay of radioactivity labelled tissue proteins in vivo over 
a period of 7 days. Again, a group of mice were injected with 2 fc• 
of glycine, intraperitoneally, and sacrificed in pairs at intervals. 
The data are presented as CPM/mg. protein (Fig. 11). These data 
illustrate again the rapid rise in radioactivity in the visceral 
proteins, Which falls off gradually, over the period of 7 days 
investigated. The muscle proteins, on the other hand, accumulate 
radioactivity very slowly and retain it far longer. 
2. ;Experiments designed to m~asure free amino acid levels of 
injected radioactive amino acids in liver and kidney tissue.-- In 
the evaluation of.these metabolic experiments, the length of time 
the injected radioactive amino acid remains free in the tissue is of 
some importance. Borsook(23)has measured these times for glycine 
injected by way of the tail vein, and reports that most of the free 
acid has disappeared from the visceral amino acid pool by one hour. 
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Since the mice in the present experiments were injected intraperitoneally, 
these times were re-determined. The procedure adopted was to inject 
2 fC of glycine intraperitoneally and to sacrifice one animal at each 
of a number of time intervals. This study has included control mice 
as well as ones treated with gonadotropin. 
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The method for determining free radioactive glycine was that 
of VanSlyke et al.(l59)based on the specific reaction of ninhYdrin 
with the free carboxyl groups adjacent to a free amino group. The 
C02 liberated is distilled into Ba (OH)2 and collected as Baco3• 
This precipitate can be washed, plated and counted. The glycine 
determinations have been carried out on tissue homogenate super-
natants from animals sacrificed over a period of hours. The data 
are presented in Fig. 12. 
It is to be noted that 50 per cent of the free amino acid has 
disappeared from kidney and liver tissues of control mice in one hour, 
and a plateau is reached in 3 hours, while in gonadotropin treated 
mice, the 50 per cent point is reached in 3 hours, and the plateau 
at 7 hours. 
3. Experiments with maximally-stimulated mice. --Having established 
some working conditions, a series of experiments was next undertaken 
to study the rate of labelling of enzyme and tissue proteins in mice 
maximally stimulated with testosterone propionate. Maximally stimulated 
mice were chosen for the first incorporation experiment because of the 
advantage of purifying enzyme from a rich source. Accordingly, groups 
of 20-30 A/Ja:x. male mice were injected subcutaneously every other day 
with 2 mg. T.P. in 0.1 ml. peanut oil. The animaJ.s were housed in a 
metabolism cage and the urine collected and assayed daily, during the 
second of the approximately two week period of stimulation. When the 
enzyme titer reached B,ooo - 10,000 units/ml. urine, the animals were 
considered to be maximally stimulated and ready for administration of 
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al4labelled glycine, which was injected intraperitoneally in the 
quantity of 2 p.C./0.1 ml. After time intervals which varied from 
2-15 hours, mice were killed by cervical dislocation. If the time 
interval~: was very short, the mice were injected with isotope at 
intervals and killed serially so that individuals were treated as 
uniformly as possible. If the time period were sufficiently long, 
urine collections. were made. The • kidneys and .li vera were then 
removed, cleaned and placed on ice. 
As soon as possible, these were homogenized separately in 100 
ml. acetate buffer and samples taken at once to be precipitated 
with trichloracetic acid for plating and counting. The remainder 
of the homogenate was used for the isolation of enzyme and a small 
aliquot was reserved for nitrogen determination by Kjeldahl digest-
ion and Nesslerization. These methods have been previously described. 
The data are presented in Fig. 13,14,15. Each point represents 
the value obtained from a group of 20 or more mice. Groups of con-
trol mice were treated similarly. Table A5 in the Appendix contains 
data from which these graphs were plotted. 
The data in these figures are plotted as the ratio.of the specific 
enzyme radioactivity to the tissue specific radioactivity, since the 
information sought is the relative incorporation into enzyme protein 
with respect to tissue protein. The graph indicates that the kidney 
enzyme isolated from T .P.. mice is "hotter" than the kidney enzyme from 
control mice. The liver enzyme preparations appear to have no marked 
differences between control and teat groups. 
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These data have been further examined for the effect of purity 
of the enzyme preparations on the measured radioactivity. A plot 
of specific radioactivity for the enzyme preparations isolated from 
testosterone stimulated kidney and liver versus specific enzyme 
activity of the same is drawn in Fig. 16. 
4. Experiments performed early in androgen stimulation.-- An 
experiment has been completed in which the isotope was administered 
during the early stages of hormonal stimulation. Groups of 20-2,5 
mice were used. Testosterone propionate was injected in 3 parts, 
2 mg./0.1 ml. on Days 1, 3 and .5. On the evening of Day .5 mice 'tvere 
injected with 2 rc. each of glycine-cl4, intraperitoneally, and 
sacrificed the following morning after 1.5 hours. Three groups were 
included. 
Group 1. Peanut oil controls. 
Group 2. Testosterone propionate. 
Group 3. Testosterone propionate, and 3.0 mg. ethionine, 
injected daily, intraperitoneally.. (See Appendix, D, for di~cu.ssion 
and earlier experiments with ethionine). 
The livers and kidneys were processed for enz.1me and radioactivity 
in the standard manner previously described. 
The data (Table 9) shmv no striking differences from those obtained 
in previous experiments. Ethionine does appear to inhibit incorporation 
into the tissue proteins without a concomitant inhibition of incorpora-
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tion into enzyme protein. Inclusion of units per count for the homogenate 
(the ratio of the units of enzyme activity per mg. protein to the counts 
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Figure 16. R~Iationship between specific radioactivity 
(CPM/mg. protein) and enzyme pUrity (specific activity -
units/ .mg. protein) in B-gl..uc:uronid,ase isolated from 
testosterone stimu!ate'P. liver and kidney tissues. 
CPM/mg. enZYlD.e : CPM/ntg. homog.enate protein is plo-tted 
versus specific activity of enzyme preparation. 
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TABLE 9 DATA OBTAINED FROM MICE PARTIALLY STIMULATED WITH TESTOSTERONE 
. PllWPIONATE (5 days) FOLLOWED BY ISOTO.PR ADMINISTRATION AND 
,SACRIFICED AT 15 HOURS 
Original material Purified enzyme 
.S.peci:fic CPM/ Units per Specific GPM/ Purity CPMI; 
SAMPLE Activity Mg. Prot. count Activity Mgo Prot. Factor E/H 
Group I Controls 
Urine 66 401.0 ± . 6 0.165 4,700 313 ± 6.0 71 .98 
Kidney 23 71.5 ± 3. 0.32 30,800 63 ± 12.0 1,310 .88 
Liver 7 100.9 ± .3 0.064 1,890 105 ± 8.0 27 1.04 
Group II Testosterone Propionate 
Urine 
-
385.0 ± .8 
-
46,000 254 ± 2.8 
-
.66 
Kidney 60 119.0 ± .4 0.5 32,600 97 ± 8.4 545 .81 
Liver 9 117.5 ± .4 0.075 1,980 126 ± 1.4 223 1.18 
Group III Testosterone Propionate and Ethionine 
Urine 9 220.0 ± .8 0.04 391000 219 ± 13.0 4,240 .95 
Kidney 142 86.3 ;t .4 1.65 201000 105 ± 4.0 140 1.22 
Liver 14 102.3 ;f;; .3 0.141 81650 92 ± 3.7 600 .90 
t:! 
-..l 
per minute per mg. protein) was to approximate the radioactivity of 
the en~e protein in the homogenate. 
An analogous approximation has been made of the percentage of 
enzyme protein present in the purified fractions, in order to better 
evaluate the CPM/mg. protein data. The percent enzyme protein is 
12-20%. 
5. Experiments in which hormone stimulation is preceded by 
glycine-c14 administration.-- The experimental procedure was to label 
the mice first with glycine-1-cJ-4. After a few hours, when the amino 
acid should have become incorporated into protein, on the basis of the 
experiments described earlier, gonadotropin stimulation 'tvas begun. It 
was planned to terminate the ·experiment as soon as a marked response 
to the hormone was achieved, and while still enough radioactive label 
remained in the tissues to be easily measured. The baseline information 
necessary to establish conditions for this experiment is described in 
the Appendix, page 16e. 
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On the basis of these data, the appropriate conditions were defined 
as 5 units gonadotropin daily at 3:00 p.m., and 5 me. of labelled glycine 
with the experiment terminating on the fifth day. Twenty-eight experi-
mental animals and 27 control animals were used. The two groups were 
begun on separate days in order to make possible the fractionation 
of the tissues for enzyme within 24 hours after autopsy without need 
for refrigeration. Purified ~-glucuronidase was isolated as described 
previously. Urine samples were collected daily from the gonadotropin 
treated mice and the collection of the last 24 hours (Day 4-5) was 
fractionated for enz.yme~. This value is included in the data which 
are presented in Table 10. It is seen that after 5 days there is 
still appreciable radioactivity in all the _samples assayed. The 
purified enz.yme fractions are also well labelled. A difference in 
label of purified enzyme is observed; gonadotropin treated enzyme 
preparation has greater CPM than control enzyme preparation. 
Also, in this experiment, some of the fractions containing protein 
which are usually discarded in the isola. tion of a pure enzyme fraction 
were dialyzed and plated for counting (Appendix, A6). Contamination of 
the enzyme by another component which is as highly labelled as the 
~-glucuronidase, would be noted. The data shO'tv that any such contaminant 
is eliminated in the early stages of purification and does not persist 
in the final product. 
A further calculation has been made from the data obtained in this 
experiment, particularly, as a relatively high degree of purity was 
achieved. Table 10 (cont'd) summarizes some approximations of enzyme 
material present in the original homogenate or urine, and the final 
purified enzyme solutions. Several assumptions are made in arriving 
at these figures: {1) that the enzyme. in the original -tissue is no 
different from that in the purified state (2) enzyme activity is 
equivalent to protein concentration (3) that the value of 160,000 
units per mgm. protein, which was obtained in one preparation represents 
pure ~-glcuuronidase protein.. The figures for the enzyme protein are 
based on this figure, as representing 100% enzyme protein. 
It is to be noted from these calculations, that more enzyme protein 
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TABLE 10 EXPERIMENT IN WHICH MICE WERE LAJ3EI,ED WITH GLYCINE-1-Cl4 
BEFORE QONADOTROPIN STIMULATION 
Original material 
Specific CPM/ Units per 
SAMPLE Activity Mg. Prot. count 
Gonadotropin treated mice 
Urine 567 18 
Kidney 127 110.5 ± .3 
Liver 12 84.2 ± .4 
Control mice 
·~·~· ~· . .._·~·__._·.._· ~__:__..•"'"' 
Kidney 
Liver 
1.2 110 ± ~~ ·. 
3.4 118 ± .3 
1.2 
.143 
.02 
.029 
Purified enzyme 
Specific CPM/ Purity CPML 
Activity Mg. Prot. Factor E/H 
14,100 
167,000 
3,960 
4,360 
2,400 
52.8 25 
77 ± 3.7 1~315 
60.5 * .9 330 
48.7 ± 1.8 363 
57.8 ± .6 443 
0.7 
.71 
.44 
.49 
1-' 
1\) 
0 
TABLE 10 (Cont.) 
CALCULATED TOTAL ENZYME PROTEIN VALUES FROM DATA IN 
. TABLE 10 
T.P. urine 
T.P. kidney 
T.P. liver 
Cont. urine 
Cont. kidney 
Cont. liver 
Total mgm. protein present 
Origo Source 
0.162 
1.99 
0.3 
0.1 
0.112 
Purif.Enz. 
0.049 
0.049 
0.01 
o.oos 
0.07 
12l. 
apparently is present under condi tons (hormona.l.ly stimulated) where 
more enzyme activity is present. 
D. Discussion 
The techniques adopted for preparing tissue protein and enz.yme 
specimens for the measurement of radioactivity are those which have 
been validated and used successfully by Frieden. They have proved 
in the present· study to be reliable and have yielded reproducible 
results within the limits of experimental error. In principle, the 
repeated precipitation of protein frees it from adsorbed glycine 
which is the greates source of artefact. The plated material contains 
no glycine which is ninhydrin labile, or which is not in alpha peptide 
bond in the protein, according to Frieden(63). 
Aside from the problem of contamination by f~ee glycine, there 
is the possibility of the presence of phospholipid arising from 
serine derived .from glycine. In this connection, this phospholipid 
as well as other lipids are removed by the organic solvents employed 
in the preparation of both tissue proteins and enzymes. 
Clear-cut conditions were readily established in the first 
experiments described, with regard to the characteristics of the 
incorporation of glycine into the tissues of the mouse. The size 
and duration of the glycine pool were defined in experiments in which 
administered glycine remained free in the tissues. These latter data 
agree well with those of Borsook(23)who reported similar conditions 
in mice in which the route of administration was intravenous. Intra-
peritoneal injection, which is the route employed in the present 
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experiments, would lead to a longer time for glycine absorption and 
equilibration with the tissue "pools". The results of these experiments 
provide experimental conditions of time and dosage which would permit 
the completion of the proposed hormone stimulation studies. 
The order chosen for the isotope experiments in hormonally-
stimulated mice was made on the following basis. The two-week period 
of testosterone-propionate administration culminates in a kidney level 
of ~-glucuronidase activity which is considereP. maximal and ~hich 
represents a "steady state" of the elevated enzyme level. At this time, 
the administration of labelled c14 glycine was expected to be incorpor-
ated into tissue protein and enz.yme sufficiently to permit valid 
comparisons of the results. It was on the basis of the experiences 
gained in this series of experiments, that it was possible to design 
and complete experiments of a. different type, e.g. early hormone 
effects on protein labelling, effect of ethionine, etc. The results 
from the three types of experiments in which the degree of and time 
of hormonal stimulation with respect to isotope administration was 
studied are discussed briefly. 
The principal finding of the 11 steady state" experiments is that 
the kidney ~-glucuronidase-rich fraction is more radioactive over a 
period of time as compared to the homogenate proteins. For the most 
part, the corresponding values for liver were normal. 
In the experiment completed early in the phase of androgen 
sti.mula tion, there was an increase in radioactivity of kidney and 
liver ~-glucuronidase which was prevented by ethionine in the case of 
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liver but not ld.dney. Of interest in this experiment was the 
observation that ethionine inhibited the incorporation of glycine 
into tissue protein but not into ~-glucuronidase. It is also 
interesting that differences were demonstrable at 15 hours which was 
the time no alterations were observed in the "steady staten experi-
ments. 
In the experiment of pre-labelling with glycine followed by 5 
days of gonadotropin stimulation, thekidney of the hormone treated 
group had ~-glucuronidase radioactivity greater than the control 
group. Although a number of interpretations can be made of this 
finding (vide infra), there is no doubt that gonadotropin has a 
significant effect on the dynamics of protein synthesis in the kidney. 
In addition to consideration of the results directly observed, it 
has been useful to arrange the data in other ways and to examine the 
relationships which become evident. Much attention accordingly has 
been focused on the ratio in Figures 13, l4 and 15 of CPM/mg. protein 
of purified enzyme protein relative to CPM/mg. protein in tissue 
homogenate. This computed value (CP.M, E/H) representing the relative 
radioactivity of the enzyme protein to the tissue proteins as a whole, 
eliminates a source of possible variation due to differences in the 
amount of isotope administered. This is a factor of some concern since 
the small volume (0.1 ml.) is highly radioactive. CPM, E/H may be 
considered to reflect more accurately than the crude analytical figures 
the radioactivity of ~-glucuronidase. Furthermore, it enables the 
interpretation to proceed in the absence of data on crystalline pure 
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~-glucuronidase which is labelled with glycine-1-cl-4• 
An additional calculation which has been very helpful from-an 
interpretive point of view, is the ratio in the homogenate of the 
units of enzyme activity/mg. protein to CPM/mg. protein. The 
resulting val.ue of units/ count allows one to compare the apparent 
extent of enzyme labelling in the tissue homogenate. 
The data have also been scrutinized from the point of view of 
the possible non-specific influence on the results of the degree of 
purity of the various enzyme preparations and in estimating the amount 
of enzyme protein present. As a consequence of this exercise, it has 
been possible to estimate the amount in milligrams of enzyme protein 
present in the original kidneys of the test and control groups. 
The influence of purity on the relative radioactivity was 
examined (Fig. 16) by plotting CPM, E:H versus Specific Enzyme 
Activity. The points fall on a straight line which passes through 
the origin, implying a direct relationship between the two variables 
in the case only of testosterone stimulated kidney enzyme. 'When 
similar data from livers of these same animals were plotted, a straight 
line was obtained parallel to the ordinate. From these data, it is 
inferred that with purification the liver enzyme fraction does not 
become more radioactive; it appears to be not too different from the 
tissue proteins. However, the kidney enzyme in testosterone treated 
animaJ.s in much 11hotter"' than the tissue proteins. Enzyme prepared 
from control animal tissues as well as liver enzyme from treated 
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animals, (Figs. J..3, 14, 1.5) appear to be not much different in 
incorporation rates from the rest of the tissue proteins. Testost-
erone stimulation apparently has no effect on incorporation of the 
liver enzyme. 
On the basis of the above considerations, it is proposed that 
the kidney enzyme is 11hottertt in testosterone stimulated animals, 
but that the shape of the curve as a function of time is largely 
influenced by enzyme purity. Accordingly, a great deal of weight is 
not attached to the position of the apparent peak in Fig. 13 at 
l0 • .5 hours. Nevertheless, in view of the brevity of the period 
required for the synthesis of most proteins (Introduction), the data 
raise the question of the implication of a precursor molecule, and 
for this reason the following considerations are discussed. 
It seemed probable that a hypothetical precursor of ~-glucuroni­
dase protein would be detectable most readily in the first days of 
androgen administration, when it was assumed the rate of enzyme 
protein synthesis was undergoing the greatest change. In the absence 
of a "precursorlf explanation, the pathway would undoubtedly be by 
direct conversion of amino acids to protein. It is this latter process 
that is believed to be most sensitive to ethionine. Accordingly, 
it is worthwhile to review the re'sults shown in Table 9 in relation to 
the reasons which prompted the experiment. 
Ethionine inhibited glycine incorporation into kidney (28 per 
cent) and to a lesser extent liver (l6 per cent) tissue but there 
was no inhibition of the labelling of kidney ~-glucuronidase. The 
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data provide some possible support for the existence of a protein 
precursor. 
Bearing directly on these considerations are the estimates which 
have been made of enzyme protein content in homogenate and in the 
purified enzyme preparations. The purest preparation of kidney enz.yme 
from stimulated mice has a specific activity of about 160,000. If 
this is assumed to be the vaJ.ue of pure enzyme protein, and there is 
support for this assumption in the literature (Section of Purification), 
the amount calculated to be present in homogenate of this stimulated 
tissue is approximately 0.05 per cent of the protein, and that in 
control unstimulated tissue is 0.007 per cent oftotal tissue protein. 
Using these figures, one can approximate a vaJ.ue of per cent enzyme 
:r;:r otein in the purified fractions of kidney. The inference drawn 
from consideration of these calculated values, which are included 
in the results, is that the apparent effect observed in CPM is reaJ.. 
In search for addi tionaJ. experimenta.J. data which would aid in 
understanding of the mechanism of ~--glucuronidase increase, a counter-
part in some respects to the previous study was designed. Thus the 
conditions were reversed in that the mice were first labelled with 
isotopic glycine and then stimulated with gonadotropin for 4 days, 
before measuring the relative rates of incorporation. Attention is 
drawn to the fact that the hormone was not administered until 5 hours 
after the glycine, at which time the greater part of the free-labelled 
glycine has disappeared.from the soluble portion of the tissues (Fig.l2). 
On this basis, any label in enzyme studied after 4 days of gonadotropin 
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when its cataJ.ytic activity is greatly increased would have to come 
from pre-existing protein, either as an essentially complete precursor, 
or from free amino acids resulting from tissue protein catabolism in 
general. The incorporation into purified en~e fraction from these 
mice indicates that the enzyme is well·labelled, more so in the 
gonadotropin treated mice than in the control, but not to so great 
an extent as is the tissue protein. The gonadotropin preparations 
of both kidney and liver are labelled to about 70 per cent the extent 
found in the tissues from which they were isolated, and the en~es 
from the control mice were labelled to about 50 per cent of the 
tissues of origin. It should also '·be pointed out that there is no 
difference in the extent of kidney tissue label in both groups. At 
the present time, the following alternative explanations have been 
c.onsidered. One, the protein ttprecursorn is converted directly to 
f)-glucuronidase; two, amino acids originating from the catabolism of 
tissue proteins are incorporated more rapidly in the hormone treated 
group; and three, the process of catabolism of f)-glucuronidase is 
retarded in the gonadotropin stimulated kidney. 
Some further light on the phenomenon is shed from a consideration 
of other derived data. Thus, for both this experiment and the one 
previously discussed, in which the incorporation was studied under 
conditions of early response to the hormone stimulation, a calculation 
of units of enzyme activity per CPM has been made for the original 
tissue. From the parallel comparisons of the data, there occurred 
a 100-fold increase of enzyme activity per mg. protein present in 
homogenate from the gonadQtropin group of mice over the controls. 
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Similarly there is an increase of 60 times in the uni ts/CP.H, or 
60 times the label in the enzyme. 1-Jhen the liver enzyme is examined 
similarly, there is only a 3 • .5 fold increase in units/mg. protein 
and a 4.9 fold increase in label, essentially, no difference. The 
ratio of increase in activity to label in the stimulated kidney 
eneyme is .5:3. 
'When the data from the experiment of partial stimulation (Exp.4) 
are examined in a similar way, the same relationships are observed. This 
is interpreted as evidence that the precursors are the same under 
both conditions. 
A search was also made in the various fractions prepared in 
the course of the isolation of ~-glucuronidase for signs of a 
labelled protein precursor which would contaminate the ~-glucuronidase 
rich fractions. The data presented in Table A6 do not indicate this 
to be a likely possibility. 
E. Summa.r:y 
1. Conditions have been established to permit the design and 
execution of experiments in labelling protein, both 13-glucuronidase 
and cellular, in order to carry out exper:ilnents to measure relative 
rates. 
2. Rates of labelling of proteins have been measured in mice 
maximally stimulated with testosterone propionate. The existence 
of an increased rate of turnover in kidney enzyme of stimulated 
mice is established. 
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3. Experiments have been carried out, to stuqy incorporation in 
the rate of labelling during the early stages ~f hormonal stimulation, 
and under these conditions, to study the effect of ethionine, a 
known protein 5,1-nthetic inhibitor. 
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4. The fate of tissue label, pre"existing, in terms of 
~-glucuronidase induced by testosterone subsequently, has been studied. 
IV. GENERAL DISCUSSION 
The initial question posed in this thesis was whether or not the 
increased 13-glucuronidase activity which appears in the A/Jax mouse 
kidrtey following stimulation by testosterone is a reflection of newly 
formed enzyme protein. The ex.pe~imental data are interpreted to give 
an affirmative answer. In arranging the arguments in support of this 
statement, the following topics will be dealt with in order: (1) 
improbable explanations (2) indirect evidence of protein synthesis, 
(3) positive isotope experiments and (4) suggestions regarding protein 
synthetic mechanisms. 
The possibility of activation thro~gh an activator whose function 
is dependent on the presence of ho.rmone was examined. These data, which 
appear in Appendix (C) were obtained through experiments in which homo-
genates of stimulated and control animals were incubated in the same tube. 
No evidence for an activator in stimulated tissue was observed. 
The liver enzyme was chosen a~ the outset as a reference protein, 
since its activity is not influenced to any great extent by androgen • 
. , 
,Moreover, .on the basis of the incorporation data, its "turnover" does 
not appear to be influenced by testosterone. This point is of especial 
interest, in considering the source of the increased amount of kidney 
enzyme •. It is possible that it could be synthesized in the liver, and 
transported and stored in the kidney. The lack of a change in incorpora-
tion in liver enzyme on atidDggen stimulation does not support this 
suggestion.. Also, FisJ:unan (52) reports that j3-glucuronidase injected 
intravenously in the rabbit, .causes only a transient rise in 
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plasma enzyme level, and no urinary excretion. 
The possibility of a bacterial source of enzyme activity in the 
urine must be considered. As urine collections~re made under 
toluene and no appreciable amount . of ~-glucuronidase is found in the 
urines of untreated mice, the bacterial contamination is considered 
an improbable explanation of urinary ~-glucuronidase. 
Indirect evidence for the synthesis of protein was obtained from 
analysis of the data on enzyme purification. Thus, from the calcula-
tions in Table 10, more protein is present in enzyme preparations 
from stimulated mice than from control mice. 
EnzymeJreparations from liver, ld.dney and urine have been criticaJJ.y 
compared, and found to be similar in their properties. The examination 
of different methods of purification in addition to serving the primary 
purpose of providing a method for isolation, has also contributed 
information about the characteristics of the enzyme. An example is the 
existence of one peak in the electrophoresis experiments on previously 
purified fractions, which is indicative of the degree of purity. 
The observations of Fishman, Artenstein and Green (54) on the 
dietary requirements for the androgenic stimulation of kidney 
~-glucuronidase support the hYPothesis of newly formed protein 
coincident with increase in enzyme activity. The response is limi. ted 
in the absence of sufficient dietary protein. Also, the renotrophic, 
not hepatotrophic action is an established function of androgen. The 
circumstance fits the observed increase in ld.dney enzyme protein. 
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With respect to the labelling experiments, the results of the 
series of "steady state 11 experiments, provide the strongest evidence 
that the kidney enzyme protein is incorporating at a much greater rate 
than is the stimulated liver enzyme protein, or that of any of the 
control tissues. The consideration given to the state of purity of the 
enzyme reflects concern for the conclusions drawn, in the absence of 
data from crystalline enzyme preparations. This has been alleviated by 
further examination of the observed data. 
A search for the possible existence of a peptide precursor has 
been carried out by means of incorporation experiments. The evidence 
obtained which has been described and evaluated previously, leads us 
to believe that on the basis /of comparable labelling of enzyme with 
respect to tissue proteins in the homogenate (based on calculated values) 
that free amino acids are the most likely intermediate precursors of 
enzyme protein. Also, a search for a labelled precursor in the discarded 
fractions of enzyme purification 1-ra.s unsuccessful. 
To summarize, evidence that new protein is being formed is provided 
directly by the greater degree of incorporation of labelled amino acid 
into the enzyme fraction and indirectly by the observed increase in 
enzyme activity. 
Consideration of the mechanism of action of testosterone with 
respect to this specific anabolic effect is in order. Green's theory, 
which has been discussed previously, proposes that the hormone acts 
directly with the enz.yme, in the fashion of a co-factor. No support 
for this theory is forthcoming from the present study, since m in 
vitro action of testosterone has never been demonstrated. Also, the 
experiment in which stimulated and non-stimulated tissues were 
incubated together is negative in this respect. A co-factor present 
in stimulated tissue should activate enzyme found in unstimulated 
tissue. 
It is not possible to relate the present findings clearly to 
Mueller 1s theories, with respect to steroid action, which were discussed 
in the Introduction. 
The data seem to merit some points o£ discussion in terms o£ 
Hechter's theories (78) l~ch consider the cell as a whole. It 
hypothesizes that cellular elements possess an architecture which 
is maintained in a very high degree o£ order. A crystalline state 
is postulated £or the majority o£ cellular proteins. This crysta.J.line 
state o£ the cell £unctions by means o£ regulating the spaces between 
molecules, or the 11latticeslt, whether mechanical or electrical, which 
regulates transport and its rate. This £unction is reputed to be 
altered under different hormonal states. 
It is o£ interest to discuss the specific enzyme ~-glucuronidase 
with reference to these theories and some o£ the information which has 
been gathered about the enzyme. It has been found by Fishman (52) to 
be independent o£ the presence of a co-factor. Furthermore, at present, 
the action o£ androgens is an in· vivo p}).enomenon; it cannot be 
demonstrated in an in vitro experiment. This renders unlikely the 
·existence o£ a finite enzyme-hormone complex. The evidence presented 
here indicates that the action o£ androgen is to facilitate the 
production of more enzyme, not to alter the observed activity of that 
already present. This can be affected in three ways: (1) by an increase 
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in the rate of synthesis of enzyme (2) by a decrease in the rate or 
breakdown of enzyme, and (3) release of active enzyme from particulate 
cellular structures in which it is bound in an inactive state. The 
first is suggested b.1 the positive glycine incorporation experiments, 
and the second is suggested by the experiment in which the mice were 
first labelled with isotope, and then stimulated with gonadotropin. 
The third possibility is suggested mainly on the results of others 
reported in the literature. The fact that androgens act on kidney 
J3-glucuronidase and not on the analogous J.,i ver enzyme is a striking 
biochemical example of the organ specificit,y of the action or hormones. 
In addition to organ specificity, the clear-cut dependence of the 
renal J3-glucuronidase on certain specific groupings in the steroid 
molecule (53) is an indication of the relevance of this enzyme to 
androgen action, itselr. These two areas of specificity, target organ 
and biochemical structure, relate the androgen-J3-glucuronidase relation-
ship to the architecture of an intact cell, in a functional manner. 
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A. Materials and Methods 
1. Experimental animals.-- Male A/Ja:x. mice, from Bar Harbor, or 
from the breeding oolony o.f the Cancer Research Laboratory, 2-3 months 
old were used. In the experiments in which urine was collected, the 
animals were placed in stainless steel metabolism cages and given Lab 
Chow, and water ad libitum. The urine was collected under toluene, 
after having passed through wire screening, and a ny~on filter, to 
remove food particles and feces. 
2. p-g~ucuronidase assay method.-- The method of Fishman, 
Springer and Brunetti (58) was used. Acetate buffer, o.~ M, pH 4.5 
was the medium to which were added·aliquots of enzyme, and substrate. 
Phenolphthalein ~ucuronic acid, (0.0~ M) was the substrate, in 
so~ution adjusted to pH 4.5. The glucuronide was prepared in the 
laboratory, by W. H. Fishman. The assay is carried out in a water 
bath at 37.5°C, and is terminated by the addition of 5% TCA. Glycine 
buffer, at pH 10.2 is added to develop the free phenolphthalein color, 
and the percent transmission is read in the Eve~yn photoe~ectric colori-
meter. The. unit of activity is defined as a Fishman unit, equal to 1 
microgram phenolphthalein liberated par hour per gram of tissue, under 
the conditions just described. 
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3. "Ketodase" is a commercial preparation of calf liver ~-glucuroni­
dase, manufactured by Warner ~cott. 
4. Follutein.--Brand of chorionic gonadotropin, prepared by Squibb, 
which has been utilized in the experiments in which gonadotropin was 
the mode of stimulation. 
5. Testosterone propionate.-- 11Neohombreol11 , prepared by Organon, 
in sesame oil. Dilutions were made in peanut oil, to 20 mg./ml. 
6. 11Vers@;tol~-- A synthetic blood standard prepared by Warner 
Chilcott. It has been used as a protein standard. 
7. Saturated ammonium sulfate.--This was prepared by allowing a 
liter of distilled water to become saturated in the presence of excess 
ammonium sulfate. The saturated solution was stored at 4 °, and 
dilutions made from this, were measured at this temperature. 
8. Alkaline saturated ammonium sulfate.-.. pH 8. 73. 3.080 
kilograms ammonium sulfate were dissolved in 3.2 liters -distilled 
water at 60°C. The resulting solution was cooled to 45°, and 360 ml. 
concentrated aqueous ammonia were added. This solution was cooled to 
4°C at which it was stored, and dilutions were made at this temperature. 
In the use of this reagent glycine was added as a stabilizing influence 
for the enzyme. In both the saturated solution, and in dilutions made 
therefrom, glycine was weighed and added in quantities sufficient to 
give a final concentration of approximately 0.1 M. 
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B. Abbreviations 
AC - adrenal cortical 
BSA - bovine serum albumin 
c14'- radioactive isotope of carbon 
Chym. - crystalline chymotrypsin 
CPM - counts per minute, referring to radioactivity 
DNA - deoxy ribonucleic acid 
GTH - gonadotropic hormone 
. 
K"m - Michaelis constant 
Nl5 - non-radioactive, heavy isotope of nitrogen 
RNA - ribonucleic acid 
s35 - radioactive isotope of sulfur 
S.A. - specific activity, or purity of enzyme defined as units 
of enzyme activity per mg. protein 
TP - testosterone propionate 
y - inicrogram, 0.001 milligram 
r - ionic strength 
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c. Experiment to determine presence of inhibitor or activator in 
tissues which respond to testosterone stimulation by an increase 
in (:3-glucuronidase activity. 
Six A/Ja:x. male mice, 5 months old were used in this study. 3 were 
given testosterone propionate in oil subcutaneously, over a period of 
10 days in the usual manner. The remaining 3 were given injections 
of peanut oil. After sacrifice on Day 10, the kidneys were removed, 
cleaned and weighed, and portions of the liver were taken. · Each 
sample was homogenized in 10 ml. acetate buffer, and assayed. Aliquots 
like 
of each of the 3 sample~ were combined, and the combinations listed 
below were run on aliquots of combined sample from 3 mice. 
Assay o£ 
Sample Assayed sum of 
com12onents 
T. P. Kidney & Control Kidney 133 u/ml. 146/ml. 
T. P. Kidney & T. P. Liver 140 144 
Cont. Kidney and T. P. Liver 52 51 
Cont. Kidney and Cont. Liver 47 52 
Conclusion. 
There does not appear to be an activator or inhibitor in any of 
the four samples, since the measured activity of the various mixtures 
equalled, within experimental error, the sum of each component enzyme 
source. 
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D. Experiments with Ethionine, an Inh1bi tor of Protein Synthesis 
1. Introduction. 
In the search for additional evidence for the existence of de 
novo protein synthesis, a study was made of metabolic inhibitors which 
are known to block protein s,ynthesis. The first agent investigated 
was ethionine, an analogue of the amino acid methionine, which has been 
shown to have this effect when it instead of methionine is present in 
the diet(l5l), even though all other essential amino acids are present. 
The inhibition can be blocked by administration of sufficient methionine, 
indicating that the inhibition is competitive in type. The results of 
the first experiments on the effect of ethionine on hormone-stimulated 
~-glucuronidase of this system suggested that it might be possible to 
visualize a significant inhibition of this system, in which enhanced 
enzyme activity is postulated as resulting from an increase in the 
synthesis of a specific protein. 
Two other compounds were also tested in the preliminar.r experiments 
to establish levels of tolerance in this strain of experimental mice. 
One compound was aminopterin, a known inhibitor for purine biosynthesis, 
which could be expected to damage the production of nucleic acids, 
which, according to earlier considerations, may be essential for protein 
biosynthesis. The other compound was streptomycin, which has recently 
been described(45) as inhibiting protein synthesis in bacteria, at the 
position where the protein molecule is released from the presumed ribo-
nucleoprotein template. It was hoped that the study of these three 
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compounds might yield information as to t.he point in t.he probable 
mechanism of activation of protein synthesis which is affected by 
testost.erone propionate. 
Much of the design of the experiments was patterned after the 
ideas of Knox and AuerbachC95) who have studied the substrate 
adaptation of tryptophane peroxidase (TPO) activity of rat liver, and 
its relation t.o hormonal fact.ors. When rats were injected with either 
tryptophan, the substrate, or cortisone (a ttstress hormonen) the liver 
enzyme levels increased markedly in a matter of hours. As each of 
these responses could be inhibited with ethionine, the conclusion 
1-ras drawn that the increase in enzyme activity renected an actual 
increase in enzyme protein., Farber(l5l) has also shown that ethionine 
inhibits protein s.ynthesis in general when measured by incorporation 
of labelled amino acids into tissue proteins, even in the presence of 
all other essential amino acids. This was reversed by sUfficient 
amounts of methionine, in quantities which indicate it to be acting 
competitively. Lee and Williams(l07) were able to demonstrate a 
26 per cent inhibition by ethionine of the enzyme adaptation of 
tryptophane peroxidase to tryptophane in intact rats; this is approxi-
mately the same per cent inhibition as reported by Farber(l51) in his 
incorporation studies. However, when the process waa.:studied in 
adrenalectomized rats, an inhibition of TPO of 40 per cent was observed; 
apparently the effect of cortisone and tryptophane is additive in 
increasing the enzyme activity. As previously stated, both of these 
demonstrations of inhibition can be eliminated with the administration 
of methionine. This illustrates Knox's statement(96) of the existence 
of metabolic adaptation as well as substrate induction, the latter 
having been originally described in micro-organisms. The response 
of TPO to substrate is specific, l~ile that to cortisone is more 
non-specific, and a part of the stress response observed in the whole 
animal. 
Liver tryptophane transaminase is an additional enz.yme system which 
has been studied by Civen and Knox(3l). The adaptive control of enzyme 
levels in response to substrate administration was slightly different 
in this case. In the adrenalectomized rat, the enzyme level increased 
in response to hydrocortisone, but substrate induction could be 
demonstrated only if hydrocortisone was administered simultaneously. 
In the case of xanthine oxidase, enzyme induction in the mouse 
liver was inhibited by etbionine, as described by Dietrich (40). This 
enzyme required 6 days of substrate (xanthine) stimulation before it 
increased in activity. As this increase was inhibited by ethionine 
and reversed by methionine, it was considered to reflect an increase in 
synthesis of enzyme protein, rather than to result from activation of 
a precursor of the enzyme. 
Glucose-6-phosphatase of rat liver increased rapidly when the 
animal's diet contained 40 per cent or more of sucrose(59). One per 
cent ethionine in the die.t of these animals completely abolishes this 
effects Again, this was interpreted as synthesis of new enzyme protein 
by Freedland and Harper. 
Other instances of ethionine inhibition have been reported in the 
literature. Thus, the study by Nomura ~ al. on amylase from. ~o 
subtilis is of interest because of the effect of ethionine on this 
·-- ~- ------------------- -·- ----- -----
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system. This enzyme increases by substrate adaptation ( cf. Introduction). 
Ethionine, while inhibiting incorporation and growth in the bacteria, 
does not inhibit the increase in enzyme protein in response to substrate. 
This is partial basis for the conclusion that this enzyme involves 
formation of a precursor molecule, which is activated in some way in 
response to the substrate. 
In view of the foregoing experiences and on the basis of the 
assumption of~~ s.ynthesis, ethionine inhibition of the increase 
in ~-glucuronidase in response to testosterone was anticipated. However, 
Farber and Segalof£(4?) have reported that animals receiving testosterone 
are protected against the toxic effects of ethionine, measured as fa~ty 
liver induction. It was concluded that this action of testosterone is 
not related to its androgenici ty. Further work by Ranney and D~ll (142) 
utilized steroids such as nortestosterone, which is less androgenic 
than testosterone. This was still able to protect rats against the 
fatty liver induced by ethionine at non-androgenic levels! It l-ras 
considered to be related to its m,yotrophic activity rather than 
androgenic activity. The interference of ethionine with protein synthesis 
was postulated by these workers to be a secondary effect, the primary 
deficiency being in fat metabolism. Similar conclusions were stated by 
Farber (46). 
2. Experimental Data. 
1. Evaluation of ethionine, streptomycin and aminopterin.--
This series of experiments {as will be noted) has produced new information 
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which does not fit preconceived ideas. 
To establish dose limits, specifically for these mice, appropriate 
groups of mice were injected with serial doses of the three compounds, 
ethionine, streptomycin and aminopterin, body weights were measured 
over a J:e riod of a week, with the decrease in body weight being taken 
as an index of toxicity (Fig • ..U). 
Initial experiments with ethionine were done with several. mice. 
The conditions were a period of dosage with testosterone propionate 
during which urine was collected and assayed at intervaJ.s, and after 
7-9 days, tissue ~-glucuronidase was determined. The urine values 
(Fig. A2) suggested that an inhibitory action had been reaJ.ized and 
further work wats planned. Thus, using gonadotropin as the stimulating 
hormone which produces a kidney ~-glucuronidase response more quickly, 
it was expected that the effect should occur at the beginning of the 
treatment with the presumed inhibitor. 
The experimental. procedure was similar for all the following 
experiments. Mice were kept in metabolism cages, fed a regular diet 
and urine collections were made daily. .AJ.J. mice used were A/Jax maJ.e 
mice. Body weights were recorded daily. After a number of experiments, 
these measurements were dispensed with in some cases. Ethionine was 
made up in. sterile saJ.ine at a concentration of 200 mg./10 ml. and 
warmed to bring it into solution; this is near maximum solubility. 
Methionine was made up similarly, an equi vaJ.ent weight being used 
(180 mg./10 ml.). These two compounds were injected intraperitoneally. 
Streptomycin was made up in sterile water to contain 3 mg./ml .. , or 
dilutions of this, and was injected subcutaneously. Aminopterin was 
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Figure AI. Effects on body weight of JD.ice, of 
administration of inhibitors of protein synthesis. 
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Figure A2. Kffect of testosterone propionate and 
ethionine on daily urine B-glucuronidase activity 
in A/ Jax male mice. 
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made up in sterile 2% NaHco3 solution diluted to contain 50 y/O.l ml. 
or less, and was injected subcutaneously. At autopsy, the kidneys 
were cleaned of capsule and fat, a sample of liver removed, and each 
specimen W?S weighed. These were each homogenized in acetate buffer 
and assayed for ~-glucuronidase activity in the usuaJ. manner. The 
results are expressed in Fishman units per gm. of wet weight of tissue. 
Urine values which were measured daily, are not reported unless signifi-
cant. The number of mice in each group is the figure in par.entheses. 
1. Effect of ethionine on gonadotropin (Follutein) stimuJa tion 
in 3 month old mice. Injections of 10 r.u. 11Follutein" and the 
presumptive protein synthetic inhibitors were given simultan-
eously daily, and the mice 1-rere killed on Day 6. 
f3 ... glucuronidase (units/gm. tissue) 
Tissue values are: Kidnez Liver 
Gonadotropin controls {3) 34,280 2940 
GTH and ethionine (4) 3.0 mg./d. 35,980 3522 
GTH and aminopterin (4) 50y/d. 50,950 5223 
GTH and streptomycin (4) 3.0 mg./d. 31, ?50 3108 
2. Pretreatment with ethionine for 2 da s. Mice were injected 
with the ethionine, at the dose of 3 mg. day for 2 da;rs, and 
then gonadotropin treatment was started, 10 I.U./day/mouse. 
Mice are killed on Day 5, after 3 days of gonadotropin 
stimulation. 
GTH controls (4) 
GTH and ethionine (4) 
~-glucuronidase (units/ gm. tissue) 
Kidney Liver 
21,180 
13,520 
3700 
3700 
3. An attem t to reverse ethionine inhibition with methionine. 
Mice were injected with 3 mg. ethionine in 0.1 ml. saline, as 
_previously described. Methionine was administered in an amount 
equivaJ.ent to ethionine which is 2.8 mg. in 0.15 ml. saline. 
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It was not possible because of ·limits of solubility to give the 
injections in the same volume of fluid, so two injections were 
made in this group of mice. No gonadotropin controls were run 
with this series due to a temporary shortage of mice. 
Tissue results, when mice were killed on Day 5 were: 
~-glucuronidase (units/ gm. tissue) 
Methionine (3) 
Methionine and ethionine (4) 
Ethionine (3) 
Kidney Liver 
15,580 
12,100 
12,066 
3270 
2510 
2507 
4. Effect of halving the concentration of ethionine. The 
methionine concentration was kept constant, and is now twice 
the equivalent amount of ethionine. Mice were pretreated two 
days with these reagents and then given gonadotropin and 
killed on Day 6. 
~ ... glucuronidase (units/ gm. tissue) 
Tissue values are: Kidney Liver 
Ethionine (3) 16,500 2787 
Ethionine and methionine (3) 19,400 3503 
Methionine (3) 16,300 2797 
Gonadotropin (3) controls 17,700 2817 
5. Effect of ethionine on T.P. stimulated mice with no period 
of pretreatment. Mice were given 2 mg. T.P. subcutaneously 
every 2 aay"s in 0.1 ml. peanut oil. Amino acid injections were 
given daily; 30 mg. ethionine and an equivalent of ethionine. 
Mice are killed on Day 7. 
Tissue values are: 
Ethionine (4) 
Methionine (4) 
Methionine and ethionine (4) 
T.P. controls (4) 
~-glucuronidase (units/gm. tissue) 
Kidney Liver 
37,775 
34,075 
31,150 
19,862 
(widespread 
values) 
2463 
3083 
3173 
3238 
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In an extension of the last experiment, mice were given 
T.P. in 1.0 mg. dosage per day, injected daily, instead of 
every 2 days. Mice were killed at intervals during the week 
of the experiment, and kidney and liver values are taken. A 
graph showing these values is included (Fig. A3). 
6. Further investigations of T.P. response. _: '·' 'fhese mice were 
given one half the T.P. dose, and double the dose of ethionine, 
which is approaching the toxic level, extended over a period 
of a week. Mice receiving both 6.0 mg. ethionine per day, and 
0.5 mg. T.P. per day, were divided into two groups, one of which 
was killed on Day 4, and the other on Day 8. 
Tissue results are: 
T. P. controls .. ·· 
T .P. and ethionine 
T.P.,ethionine and 
methionine 
~-glucuronidase (units/gm. tissue) 
Kidnez · Liver 
Df' 4 Day a ~ Day8e (3) 2 00 (3)47,730 3040 270 
(3) 2370 (3)41,6oO 2550 3875 
(2) 2490 (3)42,430 2724 3093 
1. Larger doses of both ethionine and methionine were administered 
to mice receiving o.5 mg. T.P,. er da; • Ethionine at 6.0 mg./day 
dosage, and methionine at ll. mg. day, or two equivalents of 
ethionine. Mice were killed on Day 6. Also, a group was included 
which received only Oe2 mg. T.P./day, with the same dose of 
ethionine and methionine. 
Tissue results are: 
_o_.~ mg. T.~~· series _ 
T.P. :: ~': controls (5) 
T.P. and ethionine (5) 
T.P. and methionine (4) 
~-glucuronidase (units/gm. tissue) 
Kidney Liver 
T.P., ethionine and methionine (5) 
26,900 
25,600 
25,600 
24,500 
2765 
2ll6 
2566 
2400 
0.2 mg. T.P. series 
T.P. and ethionine (3) 
T.P. controls (3) 
28,300 
24,500 
2375 
2748 
1.49 
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Figure A3. Effect of ethionine on tissue 13-glucuroni-
dase activity of mice stimulated with tes.tosterane 
propi.onate in the initial phase of Stimulation. 
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8. The effect of ethionine on T.P. stimulation in a ounger 
group of mice, weeks old. Dosages: T.P. o. mg. day; 
ethionine 3.0 mg./day; methionine 6.0 mg./day. 
Tissue values, when mice were killed on Day 6: 
. J3-glucuronidase (units/gm. tisSu.e) 
T.P. controls (3) 
T .P. and ethionine (5) 
T.P. and methionine (3) 
Kidney Liver 
T.P., ethionine and methionine (3) 
27,366 
25,830 
25,517 
26,633 
2283 
2466 
2697 
2430 
9. Aminopterin inhibition. Using a lower dosage, as it has been 
reported, that this compound in excess can cause a temporary 
elevation of activities, this effect.was observed in the first 
experiment lOy/day, intraperitoneally. No pretreatment period, 
but aminopterin and gonadotropin were administered simultaneously 
and the mice were killed on Day 4. Again, no gonadotropin 
controls 'tvere included. 
Tissue values were: 
GTH and aminopterin (4) 
Aminopterin controls (3) 
J3-glucuronidase (units/ gm. tissue) 
Kidney Liver 
15,840 
4,200 
2378 
2710 
10. Repeat experiment on aminopterin inhibition, using a 
different concentration. As the t't-TO previous experiments 
seemed to represent the two extremes, 25y aminopterin per day 
per mouse was given. Gonadotropin was employed for stimulation. 
Mice were killed on Day 5, and there was no period of pretreatment, 
the 2 compounds being administered simultaneously. 
Tissue values were: 
Gonadotropin controls (3) 
GTH and atp.inopterin (4) 
Aminopterin controls (3) 
J3-glucuronidase (units/ gm. tissue) 
Kidney Liver 
19,687 
20,865 
8,440 
2077 
2061 
2207 
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2. Experiments with adrenalectomi2ied mice. --According to Knox 
et ~· in the case of substrate adaptation of TPO in rat liver, there 
is an endocrine factor as well as substrate, and they appear to be 
additive. Ethionine inhibition of substrate adaptation can be realized 
more fully in the adrenalectomized rat. This has been discussed in 
the Introduction. Consequently, some mice were adrenalectomized, in 
order to see if the inhibitory effect of ethionine could be demonstrated 
more clearly in this way. 
Mice were adrenalectomized under nembutal anesthesia at first, 
later only under ether anesthesia, as the mortality rate seemed lower 
with this anesthetic. They were maintained on l% NaCl, but even so, 
did not remain in good health for any length of time, not long enough 
to carry out experiments such as have been described in intact mice. 
Adrenalectomy was performed and the mice kept for 2 days before 
starting on any injections. 
Experiment l. Animals were adrenalectomized and after 2 days 
started on gonadotropin and ethionine (6.0 mg./day). Animals 
were sacrificed on Day 4 after initiation of injections, Day 
6 after adrenalectomy. 
Tissue assays were (reported for individual mice): 
Gonadotropin control 
GTH and ethionine 
GTH and ethionine 
Kidney % Inhibition 
6320 
4800 
2540 
24% :. 
60% .; .• 
Liver 
2360 
2500 
2960 
Experiment 2. A series of control .mice was done. Adrenalectomy 
was performed as before, and one mouse was killed at each of 
several time intervals. Again, the experiment was terminated 
earlier than planned because of the increasingly debilitated 
appearance of the mice. These data are presented in graph 
form and represent the resting levels of kidney and liver 
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enzyme activity in adrenalectomized mice which are receiving 
no treatment (Fig. A4). 
Experiment 3. Extension of work on adrenalectomized mice. 
Eighteen male A/Ja:x. mice, 4 months old, were adrenalectomized 
under ether anesthesia, and after resting 2 days, were started 
on gonadotropin and ethionine on Day 3, and sacrificed on Day 
5, again earlier than it was hoped. The gonadotropin dosage 
was 10 I.U./day, and ethionine 6.0 mg./day. In mice receiving 
2 compounds, the 2 substances were mixed, and injected in one 
operation to reduce the stress as much as possible. 
Tissue values were: Kidney Liver 
Saline controls (3) 1908 2267 
Ethionine (3) 1195 1527 
GTH and ethionine (2) 2200 2400 
Gonadotropin (2) 2551 2027 
3. Experiments on substrate induction.-- Inasmuch as the enzyme 
~-glucuronidase has been shown by Fishman (50) to be induced in the 
presence of substrate, similar efforts were made using the mouse kidney 
system. If the kidney enzyme activity could be increased in response 
to menthol administration, and subsequently was blocked with ethionine, 
the assumption that an increase in enzyme activity represented an increase 
·in enzyme protein would be appropriate. 
Menthol suspended in castile saap was introduced directly into the 
stomach of the mouse by intubation using a 21 gauge hypodermic needle 
covered with plastic tubing. Ethionine was administered by the same 
route. A group of 6 mice were subjected to 3.0 mg. ethionine 
administered intragastrically over a period of 9 days, and body weights 
followed. These showed a slight decline but the dose did not appear to 
153 
w e- LIVER ENZYME ~ 
{f) £-KIDNEY ENZYME {f) 
-
I- 3000 
. 
• <.9 
.......... 
r 
~ 2000 
I-
(.) 
<l: 
1000 
w 
~ (I) (I) (3) r 
N 
z 00 w 2 3 4 5 
DAYS 
Figure A4. Control tissue enzyme values in adrenal-
ectomized .mice. Number in par~ntheses indicates 
number of mice sacrificed on each day. 
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be too toxic, and so it was used. 
A short-term experiment, 24 hours, was carried out to study the 
effect of ethionine on menthol, as substrate adaptation for ~-glucuroni­
dase in these A/Ja:x. mice. Thirty mg. menthol was administered in 2 
doses, at 10:00 a.m. and 2:00 p.m. to mice. Ethionine concentration 
was 3.0 mg./day. The tissue assay on the following day was as follows: 
Menthol and ethionine (3) 
Menthol controls (2) 
Control (soap) (2) 
c. Discussion 
~-glucuronidase (units/ gm. tissue) 
Kidney Liver 
4943 
6275 
3990 
1797 
1480 
1555 
In the first experiment, the urine vaJ.ues were certainly indicative 
of an ethionine inhibition as seen in Fig. A2. On one occasion, 
(Experiment 2) again a possible inhibitory effect was seen, when 
ethionine was employed as the inhibitor. Streptomycin was not tested 
beyond the first experiment in which it gave no indication of being an 
inhibitor in this system. Aminopterin was investigated only briefly, 
as the data in Experiment 1 showed an enhancement of the T.P. effect 
at 50 gamma aminopterin per day. According to Lee(lo_6) this is not 
unusual; in high dosages, aminopterin is known to enhance synthetic 
reactions rather than inhibit. However, upon using a lower dosage, the 
expected effect was not observed. 
In mice which were adrenalectomized in order to study the effect 
of ethionine, some facts are apparent. First, is the decreased kidney 
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and liver enzyme level found in untreated adrenalectomized mice which 
appears within 24 hours. This is similar to the effect noted by Knox. 
However, Fishma.n(5~.) has shown that mouse ld.dney ~-glucuronidase 
activity responds very slightly to cortisone stimulation, with an increase 
of ~-glucuronidase activity. In the few adrenalectomized mice which 
were treated with gonadotropin, with and without ethionine, the data 
do suggest an appreciable inhibition under these conditions. With 
regard to the enzyme levels in the adrenalectomized mice, there are 
several points of interest. Although the administration of cortisone 
or corticosterone to the normal mouse does not raise the enzyme level 
markedly, its absence causes a drop in levels in both kidney and liver. 
However, the definite experiment has not been carried out in which 
adrenal cortical hormones are administered to adrenalectomized mice, 
and the levels measured. It would appear from the information at hand 
that the presence of adrenal cortical steroids has a supporting role in 
the maintenance of enzyme protein concentration. In its absence, as in 
adrenalectomized mice, the stimulatory action of gonadotropin is not as 
great as in intact animals. 
The single experiment in which substrate induction was attempted 
is only suggestive; no statistically significant comments can be made. 
Levvy(ll2) has studied the action of menthol and borneol in bringing 
about increased enzyme levels over a long period, and feels that they 
are largely due to repair processes, new kinds of cells in response to 
cellular damage by these agents. However, the experimental conditions 
described here do not extend over a sufficien~ long time to postulate 
any repair mechanisms in terms of new cell formation. 
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An additional experiment in which ethionine was studied in relation 
to incorporation of labelled glycine in T.P. stimulated ndce will be 
discussed in the section on incorporation. 
D. Sunnnary. 
Although on occasion there was a suggestion that ethionine 
interfered with the ~-glucuronidase response, these experiences have 
made it clear that the problems surrounding the search for this 
phenomenon are formidable. Thus, the poor survival of this strain of 
mice to adrenalectomy has limited study of some· of the endocrine factors 
which are involved. However, it appears that they are not identical 
to those found by Knox(95) in that the action of the adrenal corticoids 
seems to be more of a permissive or supporting role, than an actual 
stimulating one. The fact that testosterone protects the animal from 
some of the toxic effects of ethionine, the mechanism of which is 
defined only as being dependent upon the ~atrophic action of the 
hormone, is a modifying circumstance, the importance or extent of which 
cannot be ascertained at this time. It was decided that further examina-
tion of this problem should be postponed to a time when inbred ndce could 
be utilized without regard to cost, since they would be required in great 
numbers. 
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STIMULATED MICE (TWO PREPARATION&!) 
URINE KIDNEY LIVER 
Total Spec. Total Sp-ec. Total Spec.. 
PREPARATION. l u/m:l. activity Act. u/ml. activity ·Act, .. u/m1. activity Act. 
original 
S.ource 9~650 8BO~OOO 1~460 5~200 57o 1 ooo 2,480 666 781000 1~440 
Tissue 
Supnt. 
-
-
-
4 1 :(;20 412,000 1~070 73.2 62,800 8,380 
SOLUTION I. 
S.o1v .. PPt.1 
H20 35~400 708,000 3,540 24,000 240,000 1,332 1,960 39,400 392 
SAS Sol. 0 0 0 220 2,200 
-
0 
-
0 
50% .AS. 
Sol. 820 8,200 747 840 8,400 7,000 474 4,740 370 
SOLUTION II 
30% AS 
Sol. 35,800 358,000 42,000 9,600 96,000 13,740 1,760 17,600 2,520 
AS Res. 
- - -
24,300 121,500 
-
2,.350 12,250 33,600 
SAAS Sol. 30 300 500 0 0 0 0 0 0 
50% AAS 
Sol. 22.4 224 374 0 0 0 50 500 455 
SOLUTION III 
30% AAS 
Sol. 44,000 440,000 
-
10,000 100,000 117,500 1,640 16,400 2,050 
AAS Res. 532 2,660 332 4,400 44,000 2,380 158 790 1,315 
SOLUTION IV 
Fin. Prod. 
Incubated 39,000 151,000 73,700 19,900 129, 6oo _.av, :noo 3 ,4.00 13,600 34,(bOO 
~ 
(X) 
TABLE Ai •. (CONT.) PURIFICATION OF 13-GLIICURONIDASE FROM THREE SOURCES IN TESTOSTERONE 
PROPIONATE STIMULATED MICE (TWO PREPARATIONS.) 
URINE KIDNEY LIVER 
Total Sp·ec. Tot.al Sp·ec. Total Spec. 
PREPARATION II u/ml. activity Act. u/ml. activity Act. u/ml. activity Act. 
Original 
Source 1,020 30,600 567 2,000 200,000 127 600 72,000 12 
Tissue 
S.upnt. 
- -
-
800 80,000 1,855 3.80 36,900 950 
SOLUTION I 
&olv. PPt. 
in ff20 3,660 36' 6.00 ..... 9,430 94,300 
-
1, 56.0 15,600 
SAS Sol. 
50% AS 
Sol. 0 0 0 120 1,200 1,070 165 1, 650 1, 530 
SOLUTION I I 
30% AS 
; Sol. 3,980 39 ,800_ 
-
1,600 16,000 
--
520 5,200 
AS Res. 2.80 1,400 1,120 922 4.;600 955 80 300 91 
S..AAS S.ol. 
- - -
0 0 0 
50% AAff 
S.ol. 56 560 2,240 .':4:.9 _.,6 496. l,Q4fl :'.112.': 120 240 
SOLUTION III 
30% .AA'S. 
Sol. 1J260 12,600 
-
562 5,620. 5,380 260 1,300 
AAS. Res .. 124 620 12,400 785 3,920 5,380 100 500 1,190 
SOLUTION IV 
Fin. Prod. 
Inc::ttbated 2,540 10,260 14,100 5,850 23,500 167,000 1,120 4,470 3,960 
~ 
'.() 
-TABLE 
-A2.·· PURIFICATION OF B-GLUCURONIDASE FROM TWO SOURCES. IN CONTROL. MICE 
KIDNEY LIVER 
Total Spec. Total ,Spec. 
u/ml. activity Act. u/ml. activity Act. 
Original 
168 . 16,800 S;G>urce 1.2 160 19,200 3.-1 
Tissue 
Supnt. 152. 14,000 152 400 38,000 218 
SOLUTION I 
S.o1v. PPt. 
· in H2o 1,100 11,000 - 1, 500 15,000 50% AS 
Sol. 0 0 0 160 1,600 174 
SOLUTION II 
30% AS 
Sol. 240 2,400 - 720 7,200 
AS Res. 220 1,100 ..... 0 0 
50% AAS. 
Sol. 14 140 85.2 8 80 61.5 
SOLUTION III 
30% AAS 
Sol. 200 2,.000 
-
360 3,600 
AAS Res. 130 650 1,800 56 280 560 
SO~UTION IV 
Fin. Prod. 
Incubated 480 1,930 4,360 2,040 8,160 1,505 
1-' 
~ 
TABLE A3.COMPARISON OF ADSORPTION PROPERTIES OF THREE DIFFERENT Al(OH) 3 GEL PREPARATIONS 
Elution· in 0. 2 M. citric acid buffer, pH. 6. 35; Ketodase as enzyme preparation 
Ofig. Adsorbed }:luted Recovery Purity 
Preparati.on QAl Spec. Act. Spe;c •. Act. ~pee. Act. % Factor 
--.. 
Wyeth's 2.0 3,000 7 ,2.50 1,000 5.5 -3 
Amphogel 1.0 3,000 7,000 1,830 7.7 -1.6 
I Aged Cy 0.1 3,000 6,280 3,500 5.5 1.1 
Alumina Gel 1.0 3,000 3,500 705 14.5 -5 
II Aged Cy 0.1 3,000 7,100 3,260 5.5 1.1 
Alumina Gel 1.0 3,000 7,400 2,405 5.5 -1.2 
t-=J 
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Figure A7. Standard curves relating turbidity (TCA) 
produced with bovine serum albumin and crystalline 
chymotrypsin. Readings were made on the E¥elyn 
colorimeter at 515 lllillimicrons and on the Coleman 
Junior s_pe.ctro:photometer at 500 and 600 millimicrons. 
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TABLK A4 
STANDABDizATION OF BSA AND CHYMOTRYPSIN 
ChYlJie>:trypSiJ:!, 
Meg. 
N/ntl. 
145 •. 0 
167.5 
157.5 
147.5 
1.53. 4. 
;Meg. 
;prot ./lll.l 
go5 
1050 
9~5 
980 Average 
920 
9~0 
·940. Average 
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TABLE · A5. SUMMARY OF INCORPORATION DATA OBTAINED FROM THE EXPERIMENTS RELATING INCORPO-
RATION TO TIME, IN STIMULATED MICE 
TISSUE PROTEINS (homogenate) 
Expo No. Time S.ource 
1. 2 hr, Kidney 
Liver 
2. 6 hr. Kidney 
Liv.er 
3. 9 hr • Kidney 
Liver 
4. 10i hr. Kidney 
Liver 
5. 12 hr • Kidney 
Liver 
--,6. 15 hr. Kidney 
~ 
Liver 
Enzyme 
Spec.Act. CPM/Mg.Prot. 
175 92.5 ± 4.0 
27 118.5 ± 0.3 
178 99.0 ± 4.0 
14 101.4 ± 0.4 
1,320 84.0 ± 0.4 
96.2 + 0.3 
93 97.0 i 0.5 
94.4 ±: 0.4 
170 105.0 ± 0.3 
11.6 110.5 ± o.2 
217 115.5 ± 0.5 
105.5 ± 0.5-
23.1 1o~.a ± o.a 
109.0 ± 0.4 
493 
50 
117 .o ;:!;. o. 7 
111.0 ;I. 0.7 
112.0 ± 0~4 
121.3:1: 0.4 
PURIFIED B-GLUCURONIDASE 
Enzyme 
Spec.Act. CPM/Mg.Prot. 
22,000 93.0 ± 0.2 
890 104.0 ± 2.0 
371100 158.8 ± 3.0 
770 101.5 ± 1.0 
32,400 129.5 ± 2.0 
2,380 84.1 ± 1.0 
88,700 324.0 ± 1.0 
51700 193.2 ± 8.0 
25,400 142.5 ± 1~5 
.... ... ·~ -. - . - . 
--' -- ;., 
1,760 145.3 ± 0.9 
.2.8,400 
3,080 
87.4 ± 3.0 
87.7 ± 0.1 
bt ()'\ 
TABLE .A5 .(.CONT.) SUMM:ARY OF INCORPORATION DATA OBTAINED FROM THE EXPERIMENTS RELATING-
INCORPORATION TO TIME, IN CONTROL MICE. 
TISSUE PROTEINS- (homogenate) PURIFIED B-GLUCURONIDASE 
Enzyme Enzyme 
Exp. No. Time Source Spec.Act. CPM/Mg.Prot. Spec .. Act. CPM/Mg .Prot. 
9. 2 hr. Kidney 106 98.0 ± 0.4 1,385 71.0 ± 13.0 
84.6 ± 0.3 
Liver 59.8 101.5 ± 0.4 1,210 156.0 ± 0.8 
126.0 ± 0.4 
10. 5 hr. Kidney 
--
121.5 ± 0.3 91180 124.0 ± 3.0 
125.0 ± 0.4 
l33.0 ± 1.0 Liver 
--
124.0 ± 0~4 495 
125.5 =1<0.4 
11. 10 hr. Kidney 
-
61.5 ± 0.4 6,750 72.6 ± 4.0 
82.7 ± 0.4 
"Liver 
-
83,8 ± 0.3 1,405 101.0 ± 1.0 
92.3 ± 0.4 
12. 15 hr. Kidney 23 66.0 ± 0.3 30,800 63.0 ± 12.0 
77 .. 0 + 0.3 
Liver 7,0 103.2 i 0.3 1,890 105.0 ± 8.0 
98.7 ± 0.3 
~ 
-.J 
Experiment to determine conditions for experiment in which mice were 
first labelled with glycine, and then stimulated with gonadotropin 
Four A/Ja:x. male mice were injected with labelled glycine at 10:30 
a.m., and gonadotropin at 3:00 p.m., as this particular time in the day 
has been demonstrated by Fishman (unpublished) to be that at which the 
greatest response to gonadotropin is obtained. Dosages and enzyme data 
are tabulated here: 
~-Glue. Units CPM per 
Mouse Microcuries ;eer gm. tissue mg. ;erot. 
No. Glycine Day 1 2 2 !! ~ Kidney Liver Kidney: Liver 
1 2 5 0 0 0 Kd. 8230 1430 44.9 46.6 
2 2 5 5 5 5 Kd. 14650 1660 44.0 53.0 
3 6 5 0 0 0 Kd. 8420 1545 172.5 161 .. 0 
4 6 5 5 5 5 Kd. 22300 1580 136.1 198.0 
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TABLE A6. COMPILATION OF COUNTING DATA FROM DISCARDED 
FRACTIONS AND ISOLATED ENZYME FRACTION FROM 
PRE-LABEL EXPERIMENT 
TOTAL BPECIFIC CPJ\!I;IfMG 
FRACTION UNITS ACTIVITY PROT 
Kidney 
(Gonadotropin) 
Homogenate 200,000 127 11~ 
Supernatant 80,000 5,300 ~~7 
50% AS Sol. 1,200 10,250 10 
AS Residue .. 4,600 19,400 141 
50% AAS Sol .. 496 5.,780 0 
AAB Residue .. 3,~920 16.,500 90 
FinaL Product 23,500 167,000 77 
Liver 
(Gona.dotr opin) 
Homogenate 72,000 12 84 
Supernatant 36,900 260 433 
50% AS Sol. 1,650 4,000 1,612 
AS Residue 300 68 67 
50% AAS Sol. 120 0 2,140 
AAS Residue 500 2,430 55 
Final Product 4,470 3,960 60 
Kidney 
(Control) 
Homogenate 16,800 1.2 110 
Supernatant 14,000 368 37 
50% ~dl~ 0 
AS~ 1,100 0 
5Q% .AAS Sol. 140 171 26 
AAS. Residue 650 3,780 119 
Final Product 1,930 4,360 49 
Liver 
(Control) 
Homogenate 19,200 3.4 118 
Supernatant 38,000 185 58 
50% AS. Sol. 1,600 
AS Residue 0 216 
50% AAS S-ol. 80 0 141 
AAS.. ~idue 280 :~' 520 49 
Final Product 8,160 2,400 58 
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VII ABSTRACT 
The Re!!<fl. j3_-.GJ.uci:J.ronidase: Re_sponse. to Androgen:- ---- c-
Mechanisms of Protein Synthesis and Hormone Action. 
The purpose of this study has been to evaJ.uate an enzyme system 
of the mouse kidney, which exhibits a large increase in activity when 
the animaJ. is stimulated 'With testosterone provided exogenously or 
endogenously {following gonadotropin injection). The primary question 
is whether or not the increase in enzyme activity represents synthesis 
of new enz.yme protein. 
The A/ Jax maJ.e mouse kidney was the organ studied; this was chosen 
because of the finding of Fishman, that this strain of inbred mice is 
genetically a 11high-responder, 11 exhibiting a 16-fold increase of renaJ. 
f3-glucuronidase above the level of unstimulated mice. Moreover, the 
enhanced kidney f3-glucuronidase activit,y is accompanied by a parallel 
urinary excretion of f3-glucuro~dase. The usefulness of this circumstance 
is two-fold: the extent of the kidney response may be followed in the 
urine without sacrificing the animaJ., and the pooled urine specimens 
provide a rich source from which enzyme can beisolated more easily and 
in a purer state than from tissues. 
Methods of purification of enzyme from liver, kidney and urine have 
been devised and the pure enzyme preparations have been compared with each 
other by means of kinetic studies. The liver enzyme has been studied as a 
reference protein for the isotope incorporation experiments, as its activity 
does not increase in androgen stimulated mice. The quantities of enzyme 
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protein present in tissue from which it was fractionated are .estimated 
to be about 1-2 milligrams in the richest source, from which 50-100 
micrograms are present in the purified enzyme preparation. The procedure 
employed involves solvent precipitation, acid and alkaline ammonium 
sulfate fractionation, and incubation of the resulting solution at 38° c, 
which removes additional inactive protein. Electrophoresis in a poly-
urethane sponge apparatus has produced some very pure preparations with 
a specific activity of 100,000 units activit,y/mgm. protein. other methods 
investigated have been adsorption and ion exchange chromatography. 
The major eviden9e for s.ynthesis of new en~e protein was provided 
by the in vivo labelling experiments, in which mice were injected intra-
peritoneally with glycine-1-014. The experiments were of three types: 
(1) steady state expex1Jnents, in which a time study was made of the Cl4 
incorporation into enzyme and tissue proteins in maximally· stimulated 
mice (1 mg. testosterone propionate per day for 14 ~ys), (2) incorporation 
into eneyme and tissue proteins in partially stimulated mice (5 days of 
testosterone propionate) and (3) reversal of these conditions, in that mice 
are first labelled w.i. th isotope and then stimulated with gonadotropin for 
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5 days. The results from the steady state experiment provide direct evidence 
that the kidney enzyme in these stimulated mice is more radioactive than 
the liver en~e from the same mice, or the kidney and liver enzyme from 
control mice. The data from the second and third experiments are best 
interpreted in the same fashion. Here also, the incorporation rate 
into stimulated kidney enzyme is greater than that into stimulated 
liver, or control kidney or liver. The question of hypothetical precursors 
is discussed. 
The appearance of new enzyme protein in response to testosterone 
stimulation is supported directly by the incorporation experiments. 
These facts now explain the large increase in observed enzyme activity, 
as well as other findings in the literature. The action of testosterone 
in this system is concluded to be one which facilitates the production 
of more enzyme protein, and not one which increases the observable 
activity of that already present. 
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